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(54) Title: RNA INTERFERENCE MEDIATING SMALL RNA MOLECULES 

(57) Abstract: Double- stranded RNA (dsRNA) induces sequence-specific post-transcriptional gene silencing in many organisms 
by a process known as RNA interference (RNAi). Using a Drosophila in vitro system, we demonstrate that 19-23 nt short RNA 
fragments are the sequence-specific mediators of RNAI. The short interfering RNAs (siRNAs) are generated by an RNase Ill-like 
processing reaction from long dsRNA. Chemically synthesized siRNA duplexes with overhanging 3' ends mediate efficient target 
RNA cleavage in the lysate, and the cleavage site is located near the center of the region spanned by the guiding siRNA. Furthermore, 
we provide evidence that the direction of dsRNA processing determines whether sense or antisense target RNA can be cleaved by 
the produced siRNP complex. 
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RNA INTERFERENCE MEDIATING SMALL RNA MOLECULES 

BELATED APPLICATIONS 

This application claims priority to U,S. provisional application number 60/382,983 
5 jgled on May 24, 2002, the contents of which are incorporated herein by reference. 

BACKGROUND 

The teim "RNA interference" (RNAi) was coined after the discovery that injection of 
dsKNA into the nematode C elegans leads to specific silencing of genes highly homologous 

-10 in sequence to the delivered dsBiNA (Fire et aL, 1998). RNAi was subsequently also 

observed in insects^, frogs (Oelgeschlager et aL^ 2000)^ and other animals including xxiice 
(Svoboda et aL, 2000; Wianny and Zemicka-Goetz., 2000) and is likely to also exist in 
humans. RNAi is closely hnked to thepost-transcriptional gene-sil^cing (PTGS) 
mechanism of co-suppression in plants and quelling in fungi (Catalanotto et aL, 2000; 

15 Cogoni and Macino, 1999; Dahnay et aL, 2000; Ketting and Plasterk, 2000; Mourrain et aL, 
2000; Smardon et aL, 2000) and some components of the RNAi machinery are also necessary 
for post-transcriptional silencing by co-suppression (Catalanotto et aL^ 2000; Demburg et aL^ 
2000; Ketting and Plasterk^ 2000).. The topic has also been reviewed recently (Bass, 2000; 
Bosher and Labouesse, 2000; Fire, 1999; Plasterk and Ketting, 2000; Sharp, 1999; Sijen and 

20 Kooter, 2000; Plant Molecular Biology, vol. 43, issue 2/3, 2000). 

lu plants, in addition to PTGS, introduced transgenes can also lead to transcriptional 
gene silencing via RNA-directed DNA methylation of cytostnes (see references in 
Wassenegger, 2000). Genomic tai^ets as short as 30 bp are methylated in plants in an RNA- 
direoted manner (Pelissier, 2000). DNA methylation is also preseat in maimnals. 

25 The natural function of RNAi and co-suppression appears to be protection of the 

genome against invasion by mobile genetic eleanents such as retrotransposons and viruses 
which pixjduce aberrant RNA or dsRNA in the host cell when they become active (Jensen et 
al, 1999; Ketting et aL, 1999; Ratcliff al, 1999; Tabara et al, 1999). Specific mRNA 
degradation prevents transposon and virus replication although some viruses are able to 

30 overcome or prevent this process by expressing proteins tliat suppress PTGS (Lucy el aL^ 
2000; Voinnet et al., 2000). 

1 
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DsRNA triggers the specijSc degiradation of homologous RNAs only wifhia the region 
of identity with the dsRNA (Zamore et aL, 2000). The dsRNA is processed to 21-23 nt RNA 
fragments and the target RNA cleavage sites are regularly spaced 21-23 nt apart. It has 
flierefore been suggested that ttie 21-23 nt fragments are the guide RNAs for target 
recogmtion (Zamore et ah, 2000)/These short RNAs were also detected in extracts prepared 
from D. melanogaster Schneider 2 cells which were transfected with dsRNA prior to cell 
lysis (Hanwnond et al^ 2000), however, the fractions that displayed sequence specific 
nuclease activity also contained a large fraction of residual dsRNA, The role of the 2 1-23 nt 
fragments in guiding mRNA cleavage is further supported by the observation that 21-23 nt 
fragments isolated from processed. dsRNA are able, to some extent, to mediate specific 
mRNA degradation (Zamore et al^ 2000). RNA molecules of similar site also accumulate in 
plant tissue that exhibits PTGS (Hamilton and Baulcombe, 1999). 

Here, we use the estabhshed Drosophila in vitro system (Tuschl et aU 1999; Zamore 
et al, 2000) to further explore the mechanism of RNAi. We demonstrate that short 21 and 
22 nt RNAs, when base-paired with 3' overhanging ends, act as the guide RNAs for sequence 
specific mRNA degradation. Short 30 bp dsRNAs are unable to mediate RNAi in this system 
because tliey are no longer processed to 21 and 22 nt RNAs. Furthennore, we defined ttie 
target RNA cleavage sites relative to the 21 and 22 nt short interfering RNAs (siRNAs) and 
provide evidence that the direction of dsRNA processing detexnxines whether a sense or an 
antisense target RNA can be cleaved by the produced siRNP endonucleasc complex- 
Further^ the siRNAs may also be important tools for transcriptional modulating^ e.g.^ 
silencing of mammalian genes by guiding DNA methylation. 

Further experiments in human in vivo cell culture systen;js (HeLa cells) showed that 
double stranded RNA molecules having a iragfh of preferably &om 19-25 nucleotides have 
RNAi activity. Thus, in contrast to the results from Drosophila also 24 and 25 nt long double 
stranded RNA molecules are efficient for RNAi- 

SUMMARY 

The present invention provides methods of mediating target-specific RNA 
interference. The compositions and methods described herein have improved efficacy and 
safety compared to prior art compositions aud methods- 
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The invention fiirther relates to the use of isolated double stranded RNA raolecules, 
wherein each RNA strand has a length from 19-25 nucleotides, for mediating target specific 
nucleic acid modificationSj, particularly KNA interference (KNAi), in manmialiaa cells, 
particularly in human cells. Preferably^ each strand of the RNA molecule has a length from 

6 20-22 nucleotides (or 20-25 nucleotides in mammaUan cells), wherein the length of each 
strand may be the same or different Preferably, the length of the 3 -overhang reaches from 
1-3 nucleotides, wherein the length of the overhang may be the same or different for each 
strand. The RNA-strands preferably have 3 -hydroxyl groups. The S'-teioninus preferably 
includes a phosphate, diphosphate, triphosphate or hydroxyl group. The most effective 

10 dsRNAs are composed of two 21 nt strands which are paired such that 1-3 nt (particularly 
2 nt) 3* overhangs are present on both ends of the dsKNA, 

One aspect of the invention relates to a meflhod of mediating target-specific nucleic 
acid modifications, particularly RNA interference and/or DNA methylation, in a cell ox an 
organism- Hie method can include the following steps: 

15 (a) contacting the cell or organism with the double stranded RNA molecule of the 

invention under conditions wherein target-specific nucleic acid modifications may occur and 

(b) mediating a target-specific nucleic acid modification effected by the double 
stranded KNA towards a target nucleic acid having a sequence portion substantiaUy 
corresponding to the double stranded RNA. 

20 The target gene to which the RNA molecule of tlie invention is directed may be 

associated with a pathological condition. For example, the gene maybe a pathogen- 
associated gene (e.g., a viral gene)^ a tumor-associated gene, or an autoimmune disease- 
associated gene. The target gene may also be a heterologous gene expressed in a 
recombinant cell or a genetically altered organism. By modulating, and particularly 

25 inhibiting, the function of such a gene, valuable information and therapeutic benefits in the 
agricultural and medical fields can be obtained. 

In one aspect, the invention features a method of treating a subject at risk for or 
afflicted with unwanted cell proliferation, e.g,s malignant or nonmalignant cell proliferation- 
The method includes: 
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providing an siEiNA, e.g,^ an stElNA having a structure described herein, where the 
siRNA is homologons to and can silence, e,g,, by cleavage, a gene that promotes unwanted 
cell proliferation; and 

administering the siRNA to a subject, preferably a human subject, thereby treating the 

5 subject. 

In a preferred embodiment^ the gene is a growth factor or growth factor receptor gene, 
a kmasej e.g.^ a protein tyrosine, serine or threonine kinase gene, an adaptor protein gene, a 
gene encoding a G protein superfatnily molecule^ or a gene encoding a transci-iption factor. 

In a preferred embodiment, the siRNA silences the PDGF beta gene, and thus can be 
10 used to treat a subject having or at risk for a disorder characterized by unwanted PDGF beta 
expression^ e-g-., testicular and lung cancers. 

In another preferred embodiment the siRNA silences the Erb-B gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted Erb-B 
expression, e.g.^ breast cancer. 
16 In a preferred embodiment, the siRNA silences the, Src gMie, and thus can be used to 

treat a subject having or at risk for a disorder characterized by unwanted Src expression, e,g., 
colon cancers. 

In a prefeacred embodiment, the siRNA silences the CRK. gene» and thus can be used 
to treat a subject having or at risk for a disorder characterised by unwanted CRK expression, 
20 e.g., colon and lung cancers. 

In a preferred embodiment, the siRNA silences the GRB2 gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted GRB2 
expression, e,g.^ squamous cell carcir^oma. 

In another prefeired embodiment the siRNA silences tihe RAS gene, and thus can be 
25 used to treat a subject having or at risk for a disorder characterized by unwanted RAS 
expression; e.g.^ pancreatic, colon and Ixmg cancars, and chronic leukemia. 

In another preferred embodiment the siElNA silences the MEKK g^e, and thus can. 
be used to treat a subject having or at risk for a disorder characterized by xmwanted MEKK 
expression, e.g,y squamous cell carcinoma, melanoma or leukemia. 
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In another preferred embodiment the siRNA silences the JNK gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted JNK 
expressioHj, e.g^^ pancreatic or breast cancers, 

hi a preferred embodiment^ the siRNA silences the RAF gene, and thus can be used to 
5 treat a subject having or at risk for a disorder characterized by unwanted RAF expression, 
<2-^,, lung cancer or leukemia. 

In a preferred embodiment, the siRNA sileaces the Erkl/2 gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted Erkl/2 expression^ 
e.g.i, lung cancer- 

10 In another preferred embodiment the siRNA silences the PCNA(p21)genej and thus 

can be used to treat a subject having or at risk for a disorder characterized by unwanted 
PCNA expression, e,g.^ lung cancer. 

in a preferred embodiment, the siRNA silences the MYB gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by xmwanted MYB expression^ 
15 colon cancer or chronic myelogenous leukemia. 

In a preferred erabodhnentj the siRNA silences the c-MYC gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted c-MYC 
expression, e.g.^ Btirkitt 's lymphoma or neuroblastoma. 

hi another preferred embodiment the siRNA silences the JUN gene^ and thus can be 
20 used to treat a subject having or at risk for a disorder characterized by unwanted JUN 
expression, e.g.y ovarian, prostate or breast cancers. 

In another preferred embodament the siRNA silences the FOS gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized, by unwanted FOS 
expression, e.g.^ skin or prostate cancers. 
25 In a preferred embodiment, the siRNA silences the BCL-2 gene, and thus can be used 

to treat a subject having or at risk for a disorder characteriissed by unwanted BCL-2 
expression, e.g., lung or prostate cancers or Non-Hodgkin lymphoma. 

In a preferred embodiment, the siRNA silences the Cyclin D gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted CycUn D 
30 expression, e.g,, esophageal and colon cancers. 
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In a preferred embodiment, the siKNA silences the VEGF gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwaated VEGF 
expression, e.g.^ esophageal and colon cancers. 

In a preferred embodiment, the siRNA silences the EGFR gene, and thus can be used 
5 to treat a subject having or at risk for a disorder characterized by miwanted EGFR 
ejqpression^ e,g.^ breast cancer. 

Jxx another preferred embodiment the siKNA sileaoces Ihe Cyclin A gene, and thus can 
be used to treat a subject having or at risk for a disorder characterized by unwanted Cyclin A 
expression, e.g,, lung and cervicalcancers. 
10 In another preferred embodiment ftie siRNA silences the Cyclin E gene, and thus can 

be used to treat a subject having or at risk for a disorder characterized by unwanted Cyclin E 
expression^ e,g,^ lung and breast cmicers. 

In another preferred embodiment the siRNA silences the WNT-l gene, and thus can 
be used to treat a subject having or at risk for a disorder characterized by unwanted WNT-1 
15 expression, e^g.^ basal cell carcinoma. 

In another preferred embodiment the siRNA silences the beta-catenin gene, and thus 
can be used to treat a subject having or at risk for a disorder characterized by unwanted beta- 
catenin expression, e.g., adenocarcinoma or hepatocellular carcinoma. 

In another preferred embodiment the siKNA silences the c-MET gene, and thus can 
20 be used to treat a subject having or at risk for a disorder characterized by unwanted c-MET 
expression^ e.g^^, hepatocellular carcinoma. 

In anotlier preferred embodiment the siRNA silences the PKC gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted PKC 
expression^ e.g.^ breast cancer. 
25 In a prefeired embodiment; the siRNA silences the NPKB gene, and thus can be used 

to treat a subject having or at risk for a disorder characterized by unwanted NFKB 
expression, e,g,^ breast cancer. 

In a preferred embodiment, the siRNA silences the STAT3 g^e, and thus can be used 
to treat a subject having or at risk for a disorder characterized by imwauted STATS 
30 expression, e.g,, prostate cancer. 
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In another preferred embodiment the siKNA silences the survivin gene^ and thus can 
be used to treat a subject having or at risk for a disorder characterized by unwanted sumvin 
expression, e.g.^ cejrvical or pancreatic cancers. 

In another preferred embodiment the siRNA silences the Her2/Neu gene, and thus can 
5 be used to treat a subject having or at risk for a disorder characterized by unwanted Her2/Neu 
ejqjression, breast cancer. 

Ill another prefejxed embodhnent the siRNA silences the topoisomerase 1 gene, and 
thus can be used to treat a subject haviag or at risk for a disorder characterized by unwanted 
topoisomerase I expression^ e.g,, ovarian and colon cancers. 
10 Iq a preferred embodiment, the siRNA silences the topoisomerase II alpha genej, and 

thus can be used to treat a subject having or at risk for a disorder characteri^ed by unwanted 
topoisomerase II expression, e^g^^ breast and colon cancers. 

In a preferred embodiment, the siRNA silences mutations in the p73 gene^ and thus 
can be used to treat a subject having or at risk for a disorder characterized by unwanted p73 
15 expression^ e.g,^ colorectal adenoqarcinoma. 

In a preferred embodiment', the siRNA silences mutations ia the p21 (WAFI /CIPl) 
gene, and thus can be used to treat a subject haviag or at risk for a disorder characterized by 
unwanted p21(WAFl/CIPl) expression, e.g.^ liver cancer* 

In a preferred embodiment, the siKNA silences mutations in tlie p27 (KJPI) gene^^ and 
20 thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
p27(KIPl) expression, e.g*., liver cancer. 

In a preferred embodiment, the siRNA silences mutations in the PPMID gene, and 
thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
PPMID expression, e-g., breast cancer. 
25 Ma preferred embodiment, the siRNA silences mutations in the RAS gene, and thus 

can be used to treat a subject having or at risk for a disorder characterized by unwanted RAS 
expression, e.g., breast cancer. 

In another preferred embodiment the siKNA silences mutations in the caveolin I gene, 
and thus can be used to treat a subject having or at risk for a disorder characterized by 
30 unwanted caveoUn 1 expression, e.g.^ esophageal squamous cell caircinoma, 
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Id. aaother preferred embddimeiit the siRNA silences mutatioiis in the MIBI gene aad 
thus can be used to. treat a subject having or at risk for a disorder characteaized by unwanted 
MEBI expressionj e.g,^ male breast caarcinoma (MBC). 

In another preferred embodiinent the siRNA silences mutations in the MTAI gene» 
and thus can be used to treat a subject having or at risk for a disorder characterized by 
unwanted MTAI expression, e.g.^ ovarian carcinoma. 

In another preferred embodiment the siRNA silences mutations in the M68 gene, and 
thus can be used to treat a subject having or at risk for a disorder charactemed by unwanted 
M68 expression, e.g-^ human adenocarcinomas of the esophagus, stomacli, colon, and 
rectum. 

In preferred embodiments the siKNA silences mutations in tumor suppressor genes, 
and thus can be used as a method to promote apoptotic activity in combination with 
chemofheorapeutics. 

In a preferred embodiment, the siRNA silences mutations in the p53 tumor suppressor 
gene, and thus can be used to treat a subject having or at risk for a disorder characteiiased by 
unwanted p53 expression, e.g,^ gail bladder^ pancreatic and lung cancers. 

In a preferred embodiment, the siRNA silences mutations in the p53 family member 
delta N-p63> and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted delta N-p63 expression, e.g.^ squamous cell carcinoma. 

In a preferred embodiment, the siRNA silences mutations in the pRb tmnor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted pRb expression^ e.g,^ oral squamous cell carcinoma. 

In a prefOTed embodiment^ the siRNA silences mutations in the APCI tumor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted APCI expression, e.g.^ colon cancer. 

In a preferred embodiment, the siRNA silences mutations in tiie BRCAl tumor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted BRCAl expressioML, breast cancer. 

Li a preferred embodiment, the siRNA silences mutations in the PTEN tumor 
suppressor gcnej, and thus can be used to treat a subject having or at risk for a disorder 
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characterised by unwanted PTEN expression; e,g.^ hamartomaSj, gliomas, and prostate and 
endometrial cancers* 

In a prefexred embodiment, the siRNA silences MLL fusion genes, MLL2 e,gr, AF9, 
and thus can be ixsed to treat a subject having or at risk for a disorder characterized by 
5 imwanted MLL fiision gene expression, e.g.^ acute leukemias. 

In another preferred embodiment the sjKNA silences the BCR/ABL fusion gene, and 
thus cati be used to treat a subject having or at risk for a disorder characterized by unwanted 
BCR/ABL fusion gene expression, e.g., acute and chronic leukCToias. 

la another preferred embodiment the siRNA silences the TEL/AMLl fusion gene, 
10 and thus can be used to treat a subject having ox at risk for a disorder characterized by 
unwanted TEL/AMLl fusion gene- expression, e.g., childhood acute leukemia. 

In another preferred embodiment the siRNA silences the EWS/FLIl fusion gene^ and 
thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
EWS/FLIl fusion gene expression, eg-., Ewing Sarcoma. 
15 In another preferred embodiment the siRNA silences the TLS/FUSl fusion gene, and 

thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
TLS/FUSl fusion gM.e expression, e.g'-. Myxoid liposarcoma. 

In another preferred embodiment the siRKA silences the PAX3/FKHR fusion gene, 
and thus can be used to treat a subject having or at risk for a disorder characterized by 
20 unwanted PAX3/FKHR fusion geiie expression, e.g.. Myxoid liposarcoma. 

In another preferred embodiment the siRNA silences the AMLl/ETO fusion gene, 
and thus can be used to treat a subject having or at risk for a disorder characterized by 
unwanted AMLl/ETO fusion gene expression^, e.g., acute leukemia. 

In another aspect, the invention features, a method of treating a subject, e,g.^ a human, 
25 at risk for or afflicted with a disease or disorder that may benefit by angiogenesis inhibition 
e.g,^ cancer. The method includes: 

providing an siRKA, e.g., an siKNA having a structure described herein, which 
siRNA is homologous to and can sileaice, e.g,^ by cleavage, a gene, which mediates 
angiogenesis; aad 

30 administering the siRNA to a subject, thereby treating the subject. 



9 



wo 03/099298 



PCT/EP03/05513 



In a preferred embodiment,, the siRNA silences the alpha v-integrin gene, and thus 
can be nsed to treat a subject having or at risk for a disorder characterized by unwanted alpha 
v-integrin, e,g,, brain tumors or tumors of epithelial origin. 

In a preferred embodiment, the siElNA silences the Flt-1 recqptor gene, and thus can 
be used to treat a subject having or at risk for a disorder characterized by unwanted Flt-l 
receptors, e,g,, cancer and rheumatoid arthritis. 

In a preferred embodhnent, the siENA silences the tubulin gene, and tiius can be used 
to treat a subject having or at risk for a disorder characterised by unwanted tubuhn, e,g., 
cancer and retinal neovascularization^ 

In a preferred embodiment, the sillNA silences the tubulin gene, and thus can be used 
to treat a subject having or at risk fox a disorder characterized by unwanted tubuliu, e.g.y 
cancer and retinal neovascularizatibn. 

In another aspect, the invention features a method of treating a subject infected with a 
virus or at risk for or afHicted with a disorder or disease associated with a viral infection. 
The method includes: 

providing-an siKNA, e,g,, and siRNA having a structure described herein, which 
sIRNA is homologous to and can silence, e.g., by cleavage, a viral gene or a cellular gene 
which mediates viral function, e.g., entry or growth; and 

administering the siKNA to a subject, preferably a human subject, thereby treating the 
subject. 

Thus, the invention provides for a method of treating patients infected by the Human 
Papilloma Virus (HPV) or at risk for or afflicted with a disorder mediated by HPV, e.g., 
cervical cancer. HPV is linked to 95% of cervical carcinomas and thus an antiviral therapy is 
an attractive method to treat these cancers and other symptoms of viral infection. 

hi a preferred embodiment; the expression of a HPV gene is reduced. In another 
preferred embodiment,, the HPV gene is one of the group of E2, E6, or E7- 

In a preferred embodiment , the expression of a human gene that is required for HPV 
replication is reduced. 

The invention also includes a method of treating patients infected by the Human 
Immunodeficiency Virus (HTV) or at risk for or afflicted with a disorder mediated by HTV, 
^.g., Acquired Iminune Deficiency Syndrome (AIDS). 

10 
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In a preferred embodimei]it> the expression of a HIV gene is reduced. In another 
preferred embodiment, the HIV gene is CCR5, Gag, or Rev. 

In a preferred embodiment, the expression of a human gene that is required for HIV 
repHcation is reduced. In another preferred embodiment, the gene is CD4 or TsglOl. 
6 The invention also includes a method for treating patients infected by the Hepatitis B 

Vims (HB V) or at risk for or afflicted with a disorder mediated by HBV, e,g., cirrhosis and 
heptocellular carcinoma. 

In a preferred embodiments the expression of a HBV gene is reduced. In another 
preferred embodiment, the targeted HBV gene encodes one of the group of the tail region of 
10 the HBV core proteiiL, the pre-cregious (pre-c) regioUj, or tlie cregious (c) region, hi another 
preferred embodiment, a targeted iHBV-RNA sequence is comprised of the poly(A)tail. 

hi a preferred embodiment, the expression of a human gene that is required for HBV 
replication is reduced. 

The invention also provides for amefliod of treating patients infected by the Hepatitis 
15 A Virus (HAV), or at risk for or afflicted with a disorder mediated by HAV. 

In a preferred embodiment, llie expression of a htmian gene that is required for HAV 
replication is reduced. 

The present invention provides for a method of treating patients infected by the 
Hepatitis C Virus (HCV), or at risk for or afflicted with a disorder mediated by HCV, e,g,, 
20 cirrhosis. 

In a preferred embodiment^ the expression of a HCV gene is reduced. 

In another preferred embodiment the expression of a human gene required for HCV 
replication is reduced. 

The present invention also provides for a method of treating patients Infected by any 
25 of the group of Hepatitis viral straiias comprising Hepatitis E, F, G, or H, or patients at risk 
for or afflicted with a disorder mediated by any of these strains of Hepatitis, 

In a preferred embodnnent;, the expression of a Hepatitis F, or H gene is 
reduced- 

In another preferred embodiment the expression of a human gene that is required for 
30 Hepatitis D, G or H replication is reduced. 



11 



wo 03/099298 



PCT/EP03/05513 



Methods of the invention also provide for treatmg patients infected by the Respiratory 
Syacytial Virus (RS V) or at risk Ifor or afflicted with a disorder mediated by RSV, e,g,^ lower 
respiratoiy tract infection in infants and childhood asfhoia, pneumonia and other 
complications, e.g,^ in the elderly. 
6 In a preferred embodiment, the expression of a RSV gene is reduced. In another 

preferred embodiment^ the targeted RSV gene encodes one of the group of genes N> L, or P. 

In a preferred embodiment, the expression of a human gene that is required for RSV 
replication is reduced. 

Methods of tlie invention pro^dde for treating patients infected by the Herpes Simplex 
10 Virus (HSV) or at risk for or afflicted with a disorder mediated by HSV^ e.g., genital herpes 
and cold sores as well as life-threatening or sight-impairing diseases maiiiLy in 
immunocompromised patients. 

In a preferred embodiment^ the expression of a HSV gene is reduced. In another 
preferred embodiment, the targeted HSV gene encodes DNA polymorase or the helicase- 
15 primase. 

In a preferred embodiment, flie expression of a humaa gene that is required for HSV 
replication is reduced. 

The invention also provides a method for treating patients infected by the herpes 
Cytomegaloviras (CMV) or at risk for or afflicted with a disorda: mediated by CMV, e,g.^ 
20 congenital virus infections and morbidity in immunocompromised patients. 

In a preferred embodiment, the expression of a CMV gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for CMV 
replication is reduced. 

Methods of the invention also provide for a method of treating patients uifected by 
26 the herpes Epstein Bair Virus (BB V) or at risk for or afflicted with a disorder mediated by 
EBV, e.g.^ NEC/T-cell lymphoma, non-Hodgkin's lymphoma, and Hodgkin's disease. 

In a preferred embodiment^ the expression of a EBV gene is reduced. 

In a preferred embodiment, the expression of a human gene required for EBV 
replication is reduced. 

30 Methods of tide invention also provide for treating patients infected by Kaposi 's 

Sarcoma-associated Herpes Vims (KSHV)^ also called human herpesvirus 8, or patients at 
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risk for or afflicted with a disorder mediated by KSHV, eg., Kaposi 's sarcoma, multicejitric 
Castleman 's disease and AIDS-assooiated primary efRision lymphoma. 

In a preferred cmbodimeat, the expression of a KSHV gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for KSHV 

replication is reduced. 

The invention also includes a method for treating patients infected by the JC Virus 
(JCV) or a disease or disorder associated with this virus, e.g., progressive multifocal 
leukoencephalopathy (PML). 

In a preferred embodiment, the expression of a JCV gene is reduced. 

In preferred embodiment the expression of a human gene iiiat is required for JCV 

replication is reduced. 

Methods of the invention also provide for treating patients infected by the myxovirus 
or at risk for or afflicted Tvilii a disorder mediated by myxovirus; e.g., influenza. 

In a preferred embodiment; the expression of a myxovirus gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
myxovirus replication is reduced. 

Methods of the invention also provide for treating patients infected by the rhinovirus 
or at risk for or afflicted with a disorder mediated by rhinovirus, e.g., Ihe common cold. 

In a preferred embodiment, the expression of a rhinovirus gene is reduced. 

In preferred embodiment tlie expression of a human gene that is required for 

rhinovirus replication is reduced. 

Melhods of the invention also provide for treating patients infected by the coronavirus 
or at risk for or afflicted with a disorder mediated by coianavirus, e.g., the common cold. 

In a preferred embodiment, the expression of a coionavirus gene is reduced. 

In preferred embodiment tfte expression of a human gene that is required for 
coronavirus replication is reduced. 

Methods of the invention also provide for treating patients infected by tlie flavivirus 
West Nile or at risk for or afflicted with a disorder mediated by West Nile Virus. 

In a preferred canbodiment, the expression of a West Nile Vims gene is reduced. 

In another preferred embodiment, the West Nile Virus gene is one of the group 
comprising E, NS3, or NS5. 

13 
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la a preferred embodiment, the expression of a human gene that is required for West 
Nile Viras replication is reduced. 

Methods of the invention also provide for treating patients infected by the St Louis 
Encephalitis flavivinis, or at risk fox or afflicted with a disease or disorder associated with 
this virus, e.g.y viial haemorrhagic fever or neurological disease. 

In a preferred embodiment, the expression of a St Lx)ms Encqphalitis gene is reduced- 

In a preferred embodiment, the expression of a human gene that is required for St. 
Louis Encephalitis virus replication is reduced. 

Methods of the invention also provide for treating patients infected by tlie Tick-borae 
encephalitis flavivirus, or at risk for or afflicted with a disorder mediated by Tick-bome 
encephalitis virus, e,g,^ viral haemorrhagic fever and neurological disease. 

In a preferred iMibodiment, the expression of a Tick-bome eacephaUtis virus gene is 
reduced. 

In a preferred embodiment the expression of a human geae that is required for Tick- 
bome encephalitis vims replication is reduced. 

Methods of the invention also provide for methods of treating patients infected by the 
Mxraray Valley encephalitis flavivims, which commonly results in viral haemorrhagic fever 
and neurological disease. 

In a preferred embodiment, the expression of a Murray Valley encephalitis virus gene 
is reduced- 

In a pref^ed embodiment, the expression of a human gene that is required for 
Murray Valley encephalitis virus replication is reduced. 

The invention also includes methods for treating patients infected by the dengue 
flavivirus, or a disease or disorder associated with this virus, e-g*., dengue haemorrhagic 
fever. 

In a preferred embodiment, the expression of a dengue virus gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
dengue virus replication is reduced. 

Methods of the invention also provide for treating patients infected by the Simian 
Vims 40 (SV40) or at risk fbr or aillicted with a disorder mediated by S V40^ e.g.^ 
tumorigenesis. 
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M a preferred exabodimentj the expression of a S V40 g^e is reduced. 

In a preferred embodiment the expression of a hiimaii gene that is required for S V40 
replication is reduced. 

The inveaition also includes methods for treating patients infected by the Human T 
Cell Lymphotropic Virus (HTLV)^ or a disease or disorder associated with this virus, 
leukemia and myelopathy. 

In a preferred embodiment, the expression of a HTLV grae is reduced. In anotiher 
preferred embodiment the HTLV gene is the Tax transcriptional activator. 

In a preferred embodiment, the expression of a himiau gene that is required for HTLV 
replication is reduced. 

Methods of the invention also provide for treating patients infected by the Moloney- 
Murine Leukemia Virus (Mo-MuLV) or at risk for or afflicted with a disorder mediated by 
Mo-MuLV, e,g.f T-cellleukeniia. 

In a preferred embodiment, the expression of a Mo-MuLV gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for Mo- 
MuLV replication is reduced. 

Methods of the invention also provide for treating patients infected by the 
encephalomyocarditis virus (EMCV) or at risk for or afflicted with a disorder mediated by , 
EMCV, e.g., myocarditis. EMCV leads to myocarditis in mice and pigs and is capable of 
infecting human myocardial cells. Tins virus is therefore a concern for patients undergoing 
xenotransplantation. 

In a preferred embodiment, the expression of a EMCV gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
EMCV replication is reduced. 

The invention also includes a method for treating patients infected by the measles 
virus (MV) or at risk for or afflicted with a disorder mediated by MV, e.g., measles. 

In a prefenred embodiment, the expression of a MV gene is reduced. 

In a preferred embodiment, the ecKpression of a human gene that is required for MV 
replication is reduced. 
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The invention also includes a method for treating patients infected by the Vericslla 
zoster virus (VZV) or at risk for or afflicted with a disorder mediated by VZV, e.g.^ chicken 
pox or shingles (also called zoster). 

In a preferred embodiment, the expression of a VZV gene is reduced. 
5 In a preferred embodiment, the expression of a human gene that is required for VZV 

replication is reduced. 

The invention also includes a method for treating patimts infected by an adenovirus 
or at risk for or afflicted with a disorder mediated by an adenovirus:, e.g., respiratory tract 
infection. 

10 In a preferred embodtment, the expression of an adenovirus gene is reduced. 

In a pref^ed embodiment, the expression of a human gene that is required for 
adenovirus replication is reduced. 

The invention includes a method for treating patients infected by a yellow fever virus 
(YFV) or at risk for or afOicted with a disorder mediated by a YFV, e.g., respiratory tract 
15 infection. 

In a preferred embodiment, the expression of a YFV gene is reduced. In another 
preferred embodiment, the preferred gene is one of a group that includes the E, NS2A> or 
NS3 genes. 

In a preferred embodiment, tlie expression of a human gene that is required for YFV 
20 replication is reduced. 

Methods of the invention also provide for treating patients infected by the poliovirus 
or at risk for or afflicted with a disorder mediated by poliovirus, e.g.^ polio. 

In a preferred embodiment, the expression of a poliovirus gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
25 poliovims replication is reduced. 

Methods of the invention also provide for treating patients infected by a poxvu-us or 
at risk for or afflicted with a disorder mediated by a poxvirus, e.g,, smallpox. 

In a preferred embodiment,' the expression of a poxvirus gene is reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
30 poxvims r^lication is reduced. 
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In another aspect j the invention features methods of treating a subject infected with a 
pathogen, e.g-., a bacterial, amoebic, parasitic, or fungal pathogen. The method includes: 

providing an siRNA, e.g.^ an siKNA having a stnicture described hereinj» where 
siRNA is homologous to and can silenccj, e.^-, by cleavage of a pathogen gene; and 

administering the siRNA to a subject^ preferably a human subject, thereby treating the 
subject 

The target gene can be onfe involved in growth^ cell wall synthesis, protdn synthesis, 
transcription, energy nietabolisra.C^.g^., the Krebs cycle), or toxin production. Thus, the 
present invention provides for a method of treating patients infected by a Plasmodium that 
causes malaria. 

In a preferred embodiment, the expression of a plasmoditmi gene is reduced. In 
another preferred embodimentj, the gene is apical membrane antigen 1 (AMAl). 

In a preferred embodiment, the expression of a human gene that is required for 
Plasmodium replication is reduced- 

The invention also includes methods for treating patients infected by the 
Mycobacteriimi ulcerans, or a disease or disorder associated with this pathogen, e,g., a Buruli 
ulcer. 

In a preferred embodiment^ the expression of a JSdycobacterium ulcerans gime is 
reduced. 

In a preferred embodiment, the expression of a human gene that is required for 

Mycobacterium ulcerans repUcation is reduced 

The invention also includes methods for treating patients infected by Mycobacteriimi 
tuberculosis^ or a disease or disorder associated with this pathogen, e.g.^ tuberculosis. 

In a preferred embodiment, the expression of a Mycobacterium tuberculosis gene is 
reduced- 

In a preferred embodiment, the expression of a human gene that is required for 
Mycobacterium tuberculosis replication is reduced. 

The invention also includes methods for treating patients infected by Mycobacterium 
leprae, or a disease or disorder associated with this pathogen, leprosy. 

In a preferred embodiment, the expression of a Mycobacterium leprae gene is 
reduced- 
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In a preferred embodiment, the expression of a human gene that is required for 
Mycobacterium leprae replication is reduced. 

The invention also includes methods for treating patients infected by die bacteria 
Staphylococcus aureus, or a disease or disorder associated with this pathogen, e.g., infections 
of the skin or mucous membranes* 

In a preferred embodiment, the expression of a Staphylococcus aureus gene is 

reduced. 

In a preferred embodiment, die expression of a human gene that is required for 
Staphylococcus aureus replication is reduced. 

The invention also includes methods for treating patients infected by the bacteria 
Streptococcus pneumoniae, or a disease or disorder associated with this pathogen, e.g.^ 
pneumonia or childhood lower respiratory tract infection. 

In a preferred embodiment, the expression of a Streptococcus pneumoniae gene is 
reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
Streptococcus pneumoniae replication is reduced. 

The invention also includes methods for treating patients mfccted by ihe bacteria 
Streptococcus pyogenes, or a disease ox disorder associated with this pathogen, e-g--. Strep 
throat or Scarlet fever. 

In a preferred embodiment, the expression of a Streptococcus pyogenes gene is 

reduced. 

In a preferred embodiment, the expression of a human gene that i$ required for 
Streptococcus pyogenes replication is reduced. 

The invention also includes methods for treating patients infected by the bacteria 
Chlamydia pneumoniae, or a disease or disorder associated with this pathogai, e.g-, 
pneumonia or childhood lower re^iratory tract infection. 

In a preferred embodiment, the expression of a Chlamydia pneumoniae gene is 
reduced. 

In a preferred embodiment, the expression of a human gene that is required for 
Chlamydia pneumoniae replication is reduced, 
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The invention also includes methods for treating patients infected by the bacteria 
Mycoplasma pneumoniae, or, a disease or disorder associated with this pathogen, e.g.^ 
pneumonia or childhood lower respiratory tract infection. 

In a preferred erabodiment the expression of a Mycoplasma pneumoniae gene is 
reduced. 

In a preferred embodiment; the expression of a human gene that is required for 
Mycoplasma pneumoniae replication is reduced* 

In one aspect, the invention features, a method of treating a subject, e.g.^ a hmnan, at 
risk for or afflicted with a disease or disorder characterized by an unwanted immune 
response, e,g.^ an inflammatory disease or disorder, or an autoimmane disease or disorder. 
The method includes: 

providing an siRNA, e.g., an siRNA having a structure described herein, which 
siRNfA is homologous to and can silencej, ^.g*., by cleavage, a gene which mediates an 
unwanted immune response; and 

administering the sfllNA to a subject thereby treating the subject. 

In a preferred embodiment, the disease or disorder is an ischemia or r^erfusion 
injury, ischemia reperfusion or injury associated with acute myocardial infarction, 
unstable angina, cardiopulmonary bypass, surgical intervention (^.g-., angioplasty, such as 
percutaneous translumraal coronary angioplasty), a response to a transplanted organ or tissue 
(e.g., transplanted cardiac or vascular tissue), or thrombolysis. 

In a preferred embodiment, the disease or disorder is restenosis, e.g.^ restenosis 
associated with surgical intervention {e.g.^ angioplasty, such as percutaneous transluminal 
coronary angioplasty). 

In a preferred embodiment, the disease or disorder is Inflammatory Bowel Disease, 
Crohn's Disease or Ulcerative Colitis. 

In a preferred embodiment, the disease or disorder is inflammation associated with an 
infection or injury. 

In a preferred embodiment, the disease or disorder is asthma, lupus, multiple 
sclerosis, diabetes, ag-., type n diabetes, arfluitis, ^.g-., rheumatoid or psoriatic- 

In particularly prefeixed embodiments, tiie siRNA silences an integrin or co-Hgand 
thereof, e.g,, VLA4, VCAM, ICAM. 
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In particularly preferred embodiments^ fte siRNA silences a selectin or co~ligaad 
thereof, e.g.^ P-selectin, E-selec1ia-(ELAM), I-seleotin, orP-selectkLglycoproteiii-(PSGLl). 

In pardcTilarly preferred embodiments, fiie siKNA silences a component of the 
complement system, e.g., C3, C5, CSaR, CSbR, C3 convertase, C5 convertase. 

In particalarly preferred embodiments, the siKNA silences a chemokine or receptor 
tiiereo:^ e.g., TNFo, TNFA IL-lo;, IL4 XL -2, IL-2R, IL.4, IL-4R, IL-5, TLr6, TKFRI, 
TNEEOI, IgE, SCYAll, or CCR3. 

In less preferred embodiments the siRNA silences GCSF, Grol, Gto2, Gro3, PF4, 
MIG, Pro-Platelet Basic Protein (PPBP), MIP-lO, MlP-liS, RANTES, MCP-1, MCP-2, 
MCP-3, CMBKIU, CMBKR2, CMBKR3, CMBKR5, AIF-1, or 1-309. 

IxK one aspect, the invention features, a method of treating a subject, e.g., a human, at 
risk for or afflicted with acute pain or chronic pain. The method includes: 

providing an siKNA, e,g., an siRKA having a structure described herein, which 
siElNA is homologous to and can silence, e,g.^ by cleavage, a geaae which mediates the 
processing of pain; and 

administering the siKNA to a subject, thereby treating the subject 

In particularly preferred embodiments, the siRNA silences a component of an ion 
channeL 

In particularly preferred embodiments, the siRNA silences a neurotransmitter receptor 
or Ugand. 

In one aspect, the invention features a method of treating a subject, e,g,, a human, at 
risk for or afflicted with a neurological disease or disorder. The method includes: 

providing an siRNA, e,g, an siRNA having a structure described herein, which 
siRNA is homologous to and can silence, e.g., by cleavage, a gene which mediates a 
neurological disease or disorder; and 

administering the siElNA to a subject, thereby treating the subject. 

In a preferred embodiment, the disease or disorder is Alxheiraer^s Disease or 
Parkinson's Disease, 

In particularly preferred embodiments, the siRNA silences an amyloid-family gene, 
e.g., APP; apresenilin gene, e,g., PSENl and PSEN2, or Qt.gynuclein. 
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In a preferred embodiment, the disease or disorder is a neurodegenerative 
trinucleotide repeat disoider, Huntington 's disease, dentatorubral pallidoluysian atrophy 
or a spinocearebellar ataxia, e.g., SCAl . SCA2, SCA3 (Machado-Joseph disease), SCA7 or 
SCA8. 

In particularly preferred embodiments, the siKN A silences HD, DRPLA, SCAl , 
SCA2, MJBl, CACNLIA4, SCA7, or SCAB. 

The loss of heterozygosity (LOH) can result in hemizygosity fer sequence, e,g., 
genes, in the area of LOH. This can result in a significant genetic diflference between noimaj 
and disease-state cells, e.g.» cancer cells, and provides a useful difference between normal 
and disease-state cells, e.g., cancer cells. This difference can arise because a gene or otiaear 
sequence is heterozygous in euploid cells but is hemizygous in cells having LOH. 

The regions of LOH will oiften include a gene, the loss of which promotes unwanted 
proliferation, e.g„ a tumor suppressor gene, and other sequences, such as other genes and, in 
some oases, a gene which is essential for normal function, e.g~, growth. 

Methods of ihe invention rely, in part, on the specific cleavage or silencing of one 
allele of an essential gene with an feiRNA of the invention. The siKNA is selected such that it 
targets the single allele of the essential gene found in the cells having LOH but docs not 
silence the other allele, which is present in cells which do not show LOH. In essence, it . 
discriminates between the two alleles, preferentially silencing the selected allele. In essence, 
polymoiphisms, e.g., SNPs, of essential genes that are affected by LOH, are used targets for 
a disorder characterized by cells having LOH, e,g,, cancer cells having LOH. 

E.g„ one of ordinary skill in the art can identify essential genes which are in 
proximity to tumor suppressor gemes, and which are within a LOH region which includes tlie 
tumor suppressor geaie. The gene encoding the large subunit of human RNA p olymerase II, 
P0LR2A, a gene located in close proximity to the tumor suppressor gene p53, is such a gene. 
It frequently occurs wiflun a region of LOH in cancar cells. Other genes that occur within 
LOH regions, and are lost in many cancw cdl types, include the group comprising 
replication protein A 70-kD subunit, replication protein A 32-kD. libonudeotidB reductase, 
thymidilate synthase, TATA associated fector 2H; ribosomal protdn S14, eukaiyotic 
initiation factor 5 A, alanyl tRNA synthetase, cysteinyl tRNA synthetase, NaK ATPase, 
alpha- 1 subunit, and transferrin receptor. 
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Accordingly, the invention features a method of treating a disorder characterized by 
e.g,, cancer. The method includes, optionally, detennining the genotype of the aUele of 
a gene in the region of LOH and,preferably determining the genotype of both alleles of the 
gene in a normal cell; providing !an siRNA which preferentially cleaves or silences the allele 
found in the LOH cells; and adraimstering ttxe siBNA to the subject, thereby treating the 
disorder- 

The invention also includes an siKNA disclosed herem, e.g., an siRNA which can 
preferentially silence, e,g-, cleave, one allele of a polymorphic gene. 

In another aspect, the invention provides a method of cleaving or silencing more than 
one gene with an siRNA. In these embodiments the siRNA is selected so that it has 
sufficient homology to a sequence found in more than one gene. For example, the sequence 
AAGCTGC3CCCTGGACATGQAGAT is conserved between mouse lamin Bl, lamin B2. 
keratin complex 2-gene 1 and lamin A/C. Thus an siRNA targeted to this sequence would 
effectively silence this entire collection of genes. 

The invention also includes an siRNA disclosed herein, e.g., an siRNA which can 
silence more than one gene. 

In another aspect, the invention includes vectors, e.g., expression vectors, which 
encode siRNAs, e.g., siRNAs hdmologous with a gene disclosed herein. These include 
vectors which can express one or both strands of one or more siRNAs; a con^sition which 
includes a first vector which encodes a first strand of an siRNA and a second vector which 
encodes a second strand of an siRNA; a vector which encodes a haiipin siElNA, e.g., a 
haiipin which upon cleavage pidvides both strands of an siRNA. The vector can also 
encode, and preferably express, a protein, e.g., a protein active in siRNA metabolism or 
function, e.g., Dicer or Ago 2. 

In a prefened embodimeht, the vector or delivery method. a virus, is selected 
such that Hie siRNA integrates into a preselected site, e,g^ a site which will result in 
modulated, e.g., inducible or controlled expression, e.g., by a pol HI promoter or by a pol H 
promoter containing temporal, developmental, disease-state, or tissue specific promoter 
elements. In other embodiments!, the expression of an siRNA strand is driven by a tstxiporal, 
developmental, disease-state, or tissue specific promoter, e.g., a pol 11 promoter containmg 
temporal, developmental, disease-state or tissue specific elements- 



22 



wo 03/099298 



PCT/EP03/05513 



Unless otherwise defined, all technical and scientific terms used herein have the same 
meaning as commcoily understood by one of ordmary skill in the art to which this invention 
belongs. Although methods materials similar or equivalent to those described herein can 
be used in the practice or testing of the present invention^ useful methods and materials are 
described below. The materials, methods, and examples are illustrative only and not 
mtended to be limiting. Other features and advantages of the invention will be apparent fix>m 
tiie following detailed description and fitnn the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 A is a graphical representation of dsKNAs used for targeting Pp-luo rciRN A. 
Three series of blunt-ended dsRNAs covering a range of 29 to 504 bp were prepared. The 
position of the first nucleotide of the sense strand of the dsRNA is indicated relative to the 

start codon of Pp-luc mKNA ^1). 

MG. IB is a gcapMcal. representation of the ratios of target Pp-luc to control Rr-luc 
activity when normalized to a buffer control (buf). DsRNAs (5 nM) were preincubated in 
Drosophila lysate for 15 min at 25''C prior to the addition of 7-me1hyl-guanosine-capped Pp- 
luc and Rr-luc mRNA (-50 pM). The mcubation was continued 3for another hour and then 
analyzed by the dual luciferase assay (Promega). The data are the average from at least four 
independent experiments standard deviation. 

FIG. 2 is a gel from a time course experiment of 2l-23meT formation in the 
processing of intemaUy ^^P-labeled dsRNAs (5 nM) in Drosophila lysate. The length and 
source of the dsRNA are indicated. An RNA size marker (M) was loaded in the left lane and 
the fragment sizes are indicated. Double bands at time zero are due to incompletely 
denatured dsRNA . 

FIG. 3A is a denaturing gel of the stable 5' cleavage products produced by 1 h 
mcubation of 10 nM saise or antisense KNA ^^-labeled at the cap with 10 nM dsRNAs of 
the pl33 series in Drosophila lysate. Length markers were generated by partial tmclease Tl 
digestion and partial alkaline hydrolysis (OH) of the cap-labeled target RNA. The regions 
targeted by the dsRNAs are indicated as vertical bars on the left and right sides of flie gel. 
The 20-23 nt spacing between the predominant cleavage sites for the 1 11 bp long dsRNA is 
shown. The horizontal arrow indicates uuspecifilc cleavage not due to RNAi. 
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FIG. 3B shows the sequences of the capped 177 nt sense and ISO nt antisense target 
RNAs, in antiparallel orientatioii, such that complementary sequences are opposing each 
oilier. The regions targeted by the differexjt dsRKAs are indicated by black bars positioned 
between the sense and antisense target sequences. Cleavage sites are indicated by circles: 
large circles for strong cleavage, and small circles for weak cleavage. The ^^P -radiolabeled 
phosphate group is marked by an asterisk. 

FIG. 4A shows the sequences of -21 nt KNAs after dsRNA processing. The -21 nt 
RNA fragments were directionally cloned aad sequenced. Some oligoribonucleotides 
originated from the sense strand of the dsRNA, while others originated from the antisense 
strand. Thick bars represent sequences present in multiple clones^ and the number at the 
right indicates the frequency. The target RNA cleavage sites mediated by the dsRNA are 
indicated as circles (large circles for strong cleavage, small circles for weak cleavage (see 
FIG. 3B)- Circles on top of the sense strand indicated cleavage sites within the sense target 
and circles at the bottom of the dsfeNA indicate cleavage site m the antisense target Up to 

five additional nucleotides were ideatified in -^21 nt fragments derived from the 3' ends of the 

1 

dsRNA, These nucleotides are random combinations of predominantly C, or A residues. 

EEG 4B is a collage of two-dim^sional TLC plates- --21 nt RNAs were generated 
by incubation of internally radiolabeled 504 bp Pp-luc dsRNA in Drosopliila lysate, gel- 
purified;, and then digested to mononucleotides with nuclease Pl (top row) or ribonuclease T2 
(bottom row). The dsRNA was internally radiolabeled by transcription in the presence of 
one of the indicated a-^^F nucleoside triphosphates. Radioactivity was detected by 
phosphorimaging- Nucleoside 5 '-monophosphates^ nucleoside 3'-monophosphates, 
nucleoside 5*, S'-diphosphates, and inorganic phosphates are indicated as pN, Np, pNp, and 
pi, respectively. Hollow circles indicate UV-absorbing spots from non-radioactive carrier 
nucleotides. The 3', 5' bisphosphates were identified by co-migration with radiolabeled 
standards prepared by 5 -phosphorylation of nucleoside 3'-monophosphates with T4 
polynucleotide kinase and 7-^^P -ATP. 

FIG. 5A depicts a control 52 bp dsRNA and synthetic 21 and 22 nt dsRNAs. The 
sequences of the siRNAs were derived from the cloned fragments of 52 and 1 1 1 bp dsRNAs 
(FIG. 4A), except for the 22 nt aatisense strand of duplex 5. The siRNAs in duplexes 6 and 7 
were unique to the 1 1 1 bp dsRNA processing reaction. Both strands of the control 52 bp 
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dsFNA were prepared by in vitro transcription and a fraction of transcripts may contain 
untemplated 3' nucleotide addition. The target KNA cleavage sites directed by the siRNA 
duplexes are indicated by ciTcle^ (see legend to FIG. 4A) and were determined as described 
inFiaSB. 

FIG. 5B is a gel showing the position of cleavage sites on the sense and antisense 
target RNAs. The target KNA spqueaccs are as described in FIG. 3B. A control 52 bp 
dsRNA (10 nM), or 21 and 22 nt RNA duplexes 1-7 (100 nM) (see FIG- 5A) were incubated 
with target RNA for 2.5 h at 25''C in Drosophila lysate. The stable 5' cleavage products were 
resolved on the gel. The cleavage sites are indicated in FIG. 5A. The region targeted by the 
52 bp dsRNA or the sense (s) or, antisense (as) strands are indicated by the vertical bars on 
the right and left side of the gel. The cleavage sites are all located within the region of 
identity of the dsRNAs. 

EIG. 6A is a representation of 52 bp dsKNA constructs. The overhang regions are 3' 
extKisions of the sense and antisense strands. The observed cleavage sites on the target 
RNAs are represented as circles 'as in FIG. 4A and were determined as shown in FIG. 6B. 

FIG. is a gel showing the position of the cleavage sites on the sense and antisense 
target RNAs. The target RNA sequences are as described in FIG. 3B. DsRNA (10 nM) was 
incubated with target RNA for 2.5 h at 25*>C in Drosophila lysate. The stable 5' cleavage 
products were resolved on the gel. The major cleavage sites are indicated with a horizontal 
arrow and are also represented in FIG. 6A. The region targeted by the 52 bp dsRNA is 
represented as a vea-tical bar on either side of the gel. 

FIG. 7 is a model for RNAi. According to this model, RNAi begins with processing 
of dsRNA to pr«dominan1iy 21 and 22 nt short interfering RNAs (siRNAs). Short 
overhanging 3' nucleotides associate with the dsRNA and facilitate processing of the short 
dsKNAs. The dsRNA-processing proteins, widct remain to be characterized, are represented 
as ovals, and are shown assembled on the dsRNA in asymmetric feshion. For example, one 
protein or protein domain may ailways associate with the siKNA strand in the 3' to 5' 
direction, or on the antisense strand while another protein may always associate with the 
opposing, or sense, siRNA stcand. These proteins or a subset of the proteins may remain 
associated with the siRNA duplex and preserve its orientation as determined by the direction 
of the dsRNA processing reaction. Only the siRNA sequence associated with the one 

25 
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particular protein maybe able to guide target RNA cleavage. The endonuclease coinplex is 
referred to as small mterfering ribqnucleoprotein complex^ or siRNP, It is presumed here 
fliat the endonuclease that cleaves the dsKNA raay also cleave the target RNA, probably by 
temporarily displacing the passive siKNA strand, which is not used for target recognitioii. 
The target KNA can then be cleaved in the center of the region recognized by the sequence- 
complementary guide siRNA. 

FIG- 8 A is a representation of the firefly (Pp-luc) and sea pansy (Rr~luc) luciferase 
reporter gene regions from plasmids pGL2-Contcol^ pGL3-Control and pRL-TK (Promega), 
SV40 regulatory elements^ the HSV thymidine kinase promoter and the two introns (lines) 
are indicated. The sequence of GL3 luciferase is 95% identical to GL2, but RL is completely 
unrelated to both. Luciferase expression firona pGL2 is approx. 10-fold lower than from 
pGL3 in transfected mammalian cells. The region targeted by the siRNA duplexes is 
indicated as a black bar below the coding region of the luciferase genes. 

FIG. 8B illustrates the sequences of the sense (top) and antisense (bottom) strands of 
the siRNA duplexes targeting GL2, GL3 and RL luciferase RNAs. The GL2 and GL3 
siElNA duplexes differ by only 3 single nucleotide substitutions (boxed). As an uospecific 
control, a duplex with the inverted *GL2 sequence, invGL2, was synthesized. The 2 nt 3' 
overhang of 2 -deoxythymidine is indicated as TT; uGL2 is similar to GL2 siKNA but 
contains ribo-uridhie 3' overhangs. 

FIG. 9 is a collage of graphs indicating ratios of target control luciferase normalized 
to a buffer control (bu); gray bars indicate ratios olPhotinus pyralis (Pp-luc) GL2 or GL3 
luciferase to Renilta renifotmis (Rr-luc) RL luciferase (left axis), white bars indicate RL to 
GL2 or GL3 ratios (right axis). Panels e, % and i describe experiments performed with 
the combination of pGL2-Control iand pRL-TK reporter plasmids, and panels b, d, £ h and j 
describe experiments performed with pGL3-Control and pRL-TK reporter plasmids. The cell 
line used for the interference experiment is indicated at the top of each plot. The ratios of 
Pp-luc/Rr-luc for the buffer control (bu) varied between 0.5 and 10 for pGL2/pRL and 
between 0.03 and 1 for pGL3/pRL, respectively^, before nomialization and between the 
various cell lines tested. The plotted data were averaged from three independent experiments 
S.D. . 
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FIG. 10 is a collage of graphs illustrating the lengths of long dsRNAs (x axis). 
Panels a, c and e describe experiinents perfonned with pGL2-Con.trol and pRL-TK reporter 
pksmids, panels b, d and f with i)GL3-Control and pRL-TK reporter plasmids. The data 
were averaged from two independent experiments S.D. (a), (b) Absolute Pp-luc expression, 
plotted in arbitrary luminescence units, (c), (d) Rr-luc expression, plotted in arbitrary 
luimnescence units, (e), (f) Ratios of normalized target to control luciferasc. The ratios of 
luciferase activity for siRNA duplexes were noiroalized to a buffer control (bu). The 
Iximinescence ratios for 50 or 500 bp dsRNAs were noimalized to the respective ratios 
observed for 50 and 500 bp dsRJSfA from humanized GFP (hG). The overall differences in 
sequences between the 49 and 484 bp dsRNAs targeting GL2 and GL3 were not sufficient to 
confer specificity between GL2 and GL3 targets (43 nt uninterrupted identity m 49 bp 
segment, 239 nt longest uninterrupted identity in 484 bp segment). 

FIG. 11 A is an outline of the experimental strategy. The capped and polyadenylated 
sense target mRKA is depicted and the relative positions of sense and antisense siKNAs are 
shown. Eight series of duplexes, according to the eight different antisense strands w^ 
prepared. The siRNA sequences and the number of ovorhangmg nucleotides were changed 
in 1-nt steps. 

FIG. IIB is a graph illustrating the normalized relative luminescence of target 
luciferase (Photinus pyralis, Pp-luc) to control luciferase (Renilla reniformis^ Rr-luc) in D, 
melanogaster embryo lysate in the presence of 5 nM blunt-ended dsRNAs. The 
luminescence ratios determined in the presence of dsRNA were normalized to the ratio 
obtained for a buffer control (bu). Noimalized ratios less than 1 indicate specific 
interference. 

BIG. lie (c-j) is a collage of graphs illustrating the normalized int^feraice ratios for 
eight series of 21-nt siRNA duplexejS- The sequences of siRNA duplexes are depicted above 
the bar graphs. Each panel shoD^^S tlie interference ratio for a set of duplexes formed with a 
given antisense guide siRNA and 5 iifferent sense siRNAs. The number of overhanging 
nucleotides (3' overhang, positive numbers; 5 'overhangs, negative numbers) is indicated on 
the X-axis. Data points were averag&d from at least 3 independent experiments, error bars 
represent standard deviations. 
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FIG. 12 is a diagram illustratiiag 2x1 experiment, and three graqphs illustrating the 
results. Three 21-nt aatisense strands were paired with eight sense siRNAs, The siRNAs 



were changed in length at tiheir 3' end. 



The 3' overhang of the antisense siRNA was 1-nt (B), 



2-ni (C), or 3-nt (D) while the sense siElNA overhang was varied for each, series. The 
5 sequences of the siKNA duplexes and the corresponding interference ratios are indicated- 
FIG- 13 is a diagram illustiratiTig an experiment, and three graphs illustrating tihe 
results. The 21-nt siRNA duplex is identical in sequence to the one shown in FIG- 1 IH or 
12c. The siRNA duplexes were extended to the 3' side of the sense siRNA (B) or the 5' side 
of the sense siRNA (C). The siRNA duplex sequences and the respective interference ratios 

10 are indicated. 

FIG. 14 is a graph of luminescence ratios. The 2'-hydroxyl groups (OH) in the 
strands of siRNA duplexes were replaced by 2' deoxy (d) or 2 -O-methyl (Me), 2-nt and 4-nt 
2 -deoxysubstitutions at the 3'-ends are indicated as 2'-nt d and 4-nt d, respectively. Uridine 
residues were replaced by 2'-deoxy thymidine. 

15 FIG. ISA is a diagram of ^^P (asterisk) cap-labeled sense and antisense target RNAs 

and siRNA duplexes. The positions oF sense and antisense target RNA cleavage is indicated 
by triangles over and below the siRNA duplexes^ respectively. 

FIG. 15B is a pair of gels indicating target RNA cleavage sites. After 2 h incubation 
of 10 nM target with 100 iiM siRNA duplex in D. melanogaster embryo lysate, the 5' cap- 

20 labeled substrate and the 5* cleavage products were resolved on sequencing gels. Length 
markers were generated by partial RNase Tl digestion (Tl) and partial alkaline hydrolysis 
(0H-) of the target RNAs. The bold lines to the left of the images indicate the region 
covered by the siRNA strands 1 and 5 of the same orientation as tl^e target. 

FIG. 16 is a diagrammatic representation of the experiment (A, B) and a collage of 

25 gels showing the results (C,D), The antisense siRNA was the same length in all siRNA 

duplexes, but the sense strand was varied between 18 to 25 nt by changing the 3' end (A) or 
18 to 23 nt by changing the 5' end (B), The position of sense and antisense target RNA 
cleavage is indicated by triangles over and below the siRNA duplexes* respectively. 
Analysis of target RNA cleavage was performed by using cap-labeled sense (C> D: top panel) 

30 or aatisense (C^ D: bottom panel) target RNAs. Only the cap-labeled 5' cleavage products 
are shown. The sequences of the siRNA duplexes are indicated, and the length of the sense 
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siRNA strands is marked on over flie gels. The control lane, marked with a dash in panel 
(C), shows target RNA incubated m the absence of siKNAs. Markers were as described in 
FIG. 15. The arrows in (D), bottom panel, indicate the target RNA cleavage sites that 
differedby 1 at. 

BIG. 1 7 is a graph illustrating luminescence ratios when the 2-nt 3'overhang (NN) 
was changed in sequence and composition as indicated (T, 2'-deoxyfhymidine, dG, 
2*deoxyguanosine; asterisk, wild-type siRNA duplex). Normalized interference ratios were 
deteimined as described in FIG, 1 L The wild-type sequence is the same as depicted In 
FIG- 14- 

FIG, 18 is a graph illustrating luminescence ratios resulting from experiments with 
mismatched sillNA duplexes. The sequences of the mismatched siRNA duplexes are shown 
above the graph; modified sequence segments or single nucleotides are shaded. The 
reference duplex (ref) and the siElNA duplexes 1 to 7 contain 2 -deoxylhymidiTie 2-int 
overhangs. The silencing efficiency of the thyraidine-modified reference duplex was 
comparable to the wild-type sequence (FIG, 17), Normalized interference ratios were 
determined as described in FIG. XL 

¥IG. 19 is a collage of graphs illustrating luminescence ratios when siRNA duplexes 
were extended to the 3' side of the;sense siRNA (A) or the 5' side of the sense siRNA (B). 
The siRNA duplex sequences and the respective interference ratios are indicated. For HeLa 
SS6 cells, siRNA duplexes (0.84 fig) targeting GL2 lucifcarase were transfected together with 
pGL2-Control and pRL-TKplasmids. For comparison, the in vitro RNAi activities of siRNA 
duplexes tested in 2). melanogaster lysate are indicated. 

BETATLED DESCRIPTION 

The invention relates to sequence and structural features of double stranded (ds)KISIA 
molecules required to mediate target-specific nucleic acid modifications such as KNA- 
interference and/or DNA methyMon. Novel dsRNA agents and methods capable of 
mediating target-specific RNA interference (RNAi) or other target-specific nucleic acid 
modifications, such as DNA methylation, are provided, and these agents and methods have 
improved efficacy and safety compared to prior art agents and methods. 
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The invention provides an isolated double stranded KNA molecule, v/herem each. 
RNA straad has a length from 19-25, particularly from 19-23 nucleotides, wherein said RNA 
molecule is capable of mediating target-specific nucleic acid modifications, particularly KNA 
interference and/or DNA mefhylation. Preferably at least one strand has a 3'-overhaug from 
5 1-5 nucleotides, more preferably;from 1-3 nucleotides and most preferably 2 nucleotides. The 
other strand may be blunt-ended or has up to 6 nucleotides 3^ overhang. Also, if both strands 
of the dsRJSfA are exactly 21 or 22 nt^ it is possible to observe some RNA interference when 
both ends are blunt (0 nt overhang). The RNA molecule is preferably a synthetic RNA 
molecule that is substantially free from contaminants occurring in ceU extracts, e.g,:, from 

10 Drosophila embryos. Further, the RNA molecule is can be substantially free from any non- 
target-specific contaminants, particularly non-target-specific KNA molecules, e.g,p from 
contaminants occurring in cell extracts* 

The invention also relatqs to the use of isolated double stranded RNA molecules, 
wherein each RNA strand has aSlength from 19-25 nucleotides^ for mediating target specific 

15 nucleic acid modifications, particularly RNAi, in mammalian cells-, particularly in human 
cells. 

It was found that synthetic short double stranded RNA molecules particularly with 
overhanging 3' ends are sequence-specific mediators of RNAi and mediate efEcient target- 
RJSFA cleavage^ wherein the cleavage site is located near the center of the region spanned by 

20 the guiding short RNA- 

Each strand of the RNA molecule preferably has a length from 20-22 nucleotides (or 
20-25 nucleotides in mammalian cell$)> wherein the length of each strand may be the same or 
different. The length of the 3'-overhang preferably reaches from 1-3 nucleotides:, wherein the 
length of the overhang may be the same or different for each strand. The RNA-strands 

25 preferably have 3 -hydroxyl groups- The 5"-temiinus preferably comprises a phosphate;, 

diphosphate, triphosphate or hydroxyl group- The most effective dsRNAs are composed of 
two 21 nt strands which are paired such that 1-3, particularly 2 nt 3' overhangs are present on 
both ends of the dsRNA. 

The target RNA cleavage reaction guided by siRNAs is highly sequence-specific. 

30 However, not all positions of an siRNA contribute equally to target recognition. Mismatches 
in the center of the siRNA duplex are most critical and essentially abolish target RNA 
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cleavage. la contrast, the 3* nuckotide of the siRNA stremd position 21) that is 
complementary to the single-stranded target KNA, does not contribute to specificity of the 
target recognition. Further, the sequence of the unpaired 2-nt 3 ' overhang of siRNA the 
strand with the same polarity as the target RNA is not critical for target RNA cleavage as 
only the antisense siRNA strand guides target recognition. Thus, from the single-$tranded 
overhanging nucleotides only the penultimate position of the antisense siRNA (e.g'-j position 
20) needs to match the targeted sense mRNA, 

The double stranded RNA molecules of the present invention exhibit a high in vivo 
stability in serum or in growth niedium for cell cultures. In order to further enhance tine 
stability, the 3*-overhangs maybe stabilized against degradation, e.g.^ they may be selected 
such that they consist of purine nucleotides, particularly adenosine or guanosine nucleotides. 
Altemativelyj, substitution of pyrimidine nucleotides by modified analogues, e.g.^ substitution 
of uridine 2 nt 3' ovearhangs by 2-deoxythymidine is tolerated and does not affect the 
ejBSciency of RNA interference. The absence of a 2' hjfdroxyl significantly enhances the 
nuclease resistance of the overhang in tissue culture medium. 

The RNA molecule of the invention preferably contains at least one modified 
nucleotide analogue. The nucleotide analogues may be located at positions where flie target- 
specific activity, e.g.^ the RNAi mediating activity is not substantially effected, e,g.^ in a 
region at the 5 -end and/or the 3 '-end of the double stranded RNA molecule. Particularly^ 
the overhangs may be stabilized by incorporating modified nucleotide analogues. 

Preferred nucleotide analogues are selected fix)m sugar- or backbone-modified 
ribonucleotides- It should be noted, however, that also nucleobase-modified ribonucleotides, 
Le.^ ribonucleotides, containing a non-naturally occurring nucleobase instead of a naturally 
occurring nucleobase, such as uridines or cytjdines modified at the 5-position, e,g.^ 5-(2- 
amino)propyl uridine, 5-bromo uridine; adenosines and guanosines modified at the 8- 
position, e.g.^ S-bromo guanosine; deaza nucleotides, eg,, 7-deazaadeno$ine; 0-and 
alkylated nucleotides, e.g.^ N6-ihethyl adenosine are suitable. In preferred sugar-modified 
ribonucleotides, the 2* OH-group can be replaced by a group selected firotn H, OR, R halo, 
SH, SR, NH2, NHR, NR2 or CN, wherein R is C1-C6 alkyl, alkenyl or alkynyl and halo is F, 
CI, Br or L 
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In preferred backbone-modified riboxmeleotides, the phosphoester group connecting 
to adjac^t ribonucleotides is replaced by a modified group, e.g,y a phosphothioate group. It 
should be noted that the above xriodifications may be combined. 

The sequence of the double stranded RNA molecule of the present invention has to 
have a sufficient identity to a nucleic acid target molecule in order to mediate target-specific 
KNAi and/or DNA methylation. Preferably, the sequence has an identity of at least 50%, 
particularly of at least 70% to the desired target molecule in the double stranded portion of 
the RNA molecule. More prefeiiablyp the identity is at least 85% and most preferably 100% 
in the double stranded portion of the RNA molecule. The identity of a double stranded RNA 
molecule to a predetermined nucleic acid target molecule^ e.g,, an mRNA target molecule, 
maybe determined as follows: 

I==(n/L)xlOO 

wherein I is the identity in percent, n is The number of identical nucleotides in the double 
stranded portion of the ds RNA and the target, and L is the length of the sequence overlap of 
the double stranded portion of the dsRNA and the target- 
Alternatively, the identity of the double stranded RNA molecule to the target 
sequence may be defined including the 3' overhang, particularly an overhang having a length 
fi-om 1-3 nucleotides. In this case the sequence identity is preferably at leagt 50%, more 
preferably at least 70% and most preferably at least 85% to the target sequence. For 
example, the nucleotides from the 3' overhaag and up to 2 nucleotides from the 5* and/or 3' 
terminus of the double strand may be modified without significant loss of activity. 

The double stranded RNA molecule of the invention may be prepared by a method 
that includes the following steps: 

(a) synthesizing two RNA strands each having a l©agfh from 19-25, e.g.^ from 19-23 
nucleotides, wlierein said RNA strands are capable of forming a double stranded RNA 
molecule, wherein preferably at least one strand has a 3 -overhang from 1-5 nucleotides; and 

(b) combining the synthesized RNA strands irader conditions, where a double 
stranded RNA molecule is fonned, which is capable of mediating target-specific nucleic acid 
modifications, particularly RNA interfer^ce and/or DNA raethylation. 
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Metliods of synthesizing RNA molecules are known in the art In this context, it is 
particularly referred to chemical synthesis methods as described in Verma and Eckstein 
(1998). 

The single-stranded RNAs can also be prepared by enzymatic transcription from 
5 synthetic DNA templates or from DNA plasmids isolated from recombinant bacteria. 
Typically, phage RNA polymerases are used such as T7, T3 or SP6 RNA polymerase 
OVIilligan and UMenbeck, 1989),. 

Another aspect of the present invention relates to a method of mediating target- 
specific nucleic acid modifications, particularly FNA interference and/or DNA methylation 
10 in a cell or an organism. The method in can include the following steps: 

(a) contacting the ceU or organism with the double stranded RNA molecule of the 
invention xmder conditions wherein target-specific nucleic acid modifications can occur; and 

(b) mediating a target-specific nucleic acid modification effected by the double 
stranded RNA towards a target niicleic acid having a sequence portion substantially 

15 corresponding to the double stranded RNA, 

The contacting step preferably includes (a) introducing the double stranded RNA 
molecule into a target cell^ e.g.y an isolated target cell;^ e.g.j, in cell culture, a unicellular 
microorganism or a target cell or .a plurality of target cells within a multicellular organisra. 
More preferably^ the introducing step comprises a carrier-mediated delivery, e.g,^ by 

20 liposomal cairiers or by injection. 

The method of the invention may be used for determining the function of a gene in a 
cell or an organism (or for modulating the function of a gene in a cell or an organism) 
capable of mediating RNA interference. The cell can be a eukaryotic ceU or a cell line, 
a plant cell or an animal cell, such as a mammalian cell, e,g.y an embryonic cell, a pluripotent 

25 stem cell, a tumor cell, e,g.^ a teratocarcinoma cell or a virus^-infected cell. The organism is 
preferably a eukaryotic organism; e.g.^ a plant or an animal^ such as a mammal, particularly a 
human. 

The target gene to which the RNA molecule of the invention is directed can be 
associated with a pathological condition. For example, the gene may be a palhogen- 
30 associated gene, e^g.^, a viral gene^ a tumor-associated gene or an autoiniunune disease- 
associated gene. The target gene' may also be a heterologous gene expressed in a 
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recombinant cell or a genetically altered organism. By modulating, particularly, inhibiting 
the function of such a gene, valuable information and therapeutic benefits in the agricultural 
fields or in the medicine or -vctorsp^ medicine field, may be obtained. 

The dsKNA is usuaQy adintaistered as aphannaceutical composition. The 
adrainistration may be carried out by known methods, wherein a nucleic acid is introduced 
into a desired target cell in vitro or in vivo. Connnonly used gene transfer techniques include 
calcium phosphate^ DEAE-dextran, electroporation, microinjection and viral methods 
(Graham, F. L. and van derEb, A. J, (1973) ViroL 52, 456; McCutchau, J. H. andPagano, J. 
S. (1968), L Natl. Caacer Inst. 41, 351; Chu, G. et al (1987), NucL Acids Res. 15, 1311; 
Fraley, R. et ah (1980), J. BioL Chem. 255, 10431; Capecchi, M.R. (1980), Cell 22, 479)- A 
recent addition to this arsenal of techniques for the introduction of DNA into cells is the use 
of cationic liposomes (Feigner, P. L. et ah (1987), Proc NatL Acad, Sci USA 84, 7413), 
Commercially available cationic lipid foimulations are, e.g.^ Tfx 50 (Promega)dr 
Lipofectamin2000 (Life Technolbgies). Thus, the invention also relates to a pharmaceutical 
composition containing as an active agent at least one double stranded RNf A molecule as 
described above and a pharmaceutical carrier. The composition may be used for diagnostic 
and for therapeutic applications in human medicine or in veterinary medicine, 

For diagnostic or therapetitic applications, the composition may be in the form of a 
solution, e.g,^ an injectable solution, a cream, ointment, tablet, suspension or the like. The 
composition may be administered in any suitable way, e.g., by injection, by oral, topical, 
nasal, rectal application, etc^ Tlie carrier may be any suitable pharmaceutical carrier. 

Preferably:^ a carrier is used, which is capable of increasing the efficacy of the KNA 
molecules to enter the target-cells. Suitable examples of such earners are liposomes, 
particularly cationic liposomes. A further preferred adniinistration method is injection. 

The RNAi method described herein can also be used for the functional analysis of 
eukaiyotic cells,, or eukaxyotic non-human organisms, preferably mammalian cells or 
organisms and most preferably human cells, e,g.^ cell lines such as HeLa or 293 or rodents, 
e.g.^ rats and mice. By transfection wifli suitable double stranded RNA molecules which are 
homologous to a predetermined target gene or DNA molecules encoding a suitable double 
stranded RNA molecule a specific knockout phenotypc can be obtained in a target cell, ^-g^-? 
in cell culture or in a target orgamsm. Surprisingly it was found that the presence of short 
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double stranded RNA molecules do not result in an interferon response firom the host cell or 
host organism. 

Thus, a further subject matter of the invention is a eukaryotic cell or a eukaryotLc non- 
human organism exhibiting a target gene-specific knockout phenotype comprising an at least 
5 partially deficient expression of at least one endogeneous target gene wherein said cell or 

organism is transfected with at least one double stranded RNA molecule capable of inhibiting 
the expression of at least one endogenous target gene or with a DNA encoding at least one 
double stranded KNA molecule capable of inhibiting the expression of at least one 
endogeneous target gene. It should be noted that the present invesation allows a target- 

10 specific knockout of several different endogeneous genes due to the specificity of KNTAi, 

Gene-specific knockout phenotypes of cells or non-human organisms, particularly of 
human cells or non-himian maxnmals may be used in analytic procedures, e,g,, in the 
functional and/or ph^otypical analysis of complex physiological processes such as analysis 
of gene expression profiles and/or proteomes. For example, one may prepare the knock-out 

15 phenotypes of human genes in cultured cells which are assumed to be regulators of 

alternative splicing processes. Aihong these genes are particujarly the members of the SR 
splicing factor family, e-g., ASF/SF2, SCSS, SRp20, SRp40 or SRp55. Further, the effect of 
SR proteins on the mRNA profiles of predetermined alternatively spliced genes such as 
CD44 maybe analyzed, Preferably the analysis is carried out by high-throughput methods 

20 using oligonucleotide based chips. 

Using ENAi-based knockout technologies, the expression of an endogeneous target 
gene may be inhibited in a target cell or a target organism* The endogeneous gene may be 
complemented by an exogeneous 'target nucleic acid coding for the target protein or a variant 
or mutated form of the target protein^ e.g,^ a gene or cDNA, a which may optionally be fused 

25 to a further nucleic acid sequence- encoding a detectable peptide or polypeptide, e^g-., an 

affinity tag, particularly a multiple afiSnity tag. Variants or mutated forms of flhe target gene 
differ from the endogeneous target gene in that they encode a gene product which differs 
from the endogeneous gene product on the amino acid level by substilntions, insertions 
and/or deletions of single or multiple amino acids* The variants or mutated forms may have 

30 the same biological activity as the endogeneous target gene. On the other hand, the variant or 
mutated target gene may also have a biological activity, which differs from the biological 
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activity of the endogeneous target gene, e^g-:, a partially deleted activity, a completely deleted 
activity, an enhanced activity^ etc. 

The complementation may be accomplished by coexpressxng the polypeptide encoded 
by the exogeneons nucleic acid, e.g,^ a fusion protein comprising the target protein and the 
affimty tag and the double stranded RNA molecule for knocking out the endogeneons gene in 
the target cell. This coexpressionmay be accomplished by using a suitable expression vector 
expressing both the polypeptide encoded by the exogeneons nucleic acid^ e.g,, the tag- 
modified target protein and the double stranded RNA niolecule or alternatively by using a 
combination of expression vectors. Proteins and protein complexes which are synthesized de 
novo in the target cell will contain the exogeneons gene product^ e.g.^ the modified fusion 
protein. In order to avoid suppression of the exogeneons gene product expression by the 
RNAi duplex molecule^ the nucleotide sequence encoding the exogeneons nucleic acid may 
be altered, on the DNA level (with or without causing mutations on the amino acid level) in 
the part of the sequence which is homologous to the double stranded KNA molecule. 
Alternatively, the endogeneous target gene may be complemented by coiresponding 
nucleotide sequences from other species, e.g., from mouse. 

Preferred applications for the cell or organism of the invention is the analysis of gene 
expression profiles and/or proteomes. In an especially preferred embodiment, an analysis of 
a variant or mutant form of one br several target proteins is carried out^, wherein said variant 
or mutant forms are reintroduced into the cell or organism by an exogeneons target nucleic 
acid as described above. The combination of knockout of an endogeneous gene and rescue 
by using mutated, e.g., partially 'deleted exogeneons target has advantages compared to the 
use of a knockout celL Further, this method is particularly suitable for identifying functional 
domains of the target protein. In a ftirther preferred embodiment a comparison, of gene 
expression profiles and/or proteomes and/or phenotypic characteristics of at least two cells or 
organisms is carried out. These orgamsms are selected ftom: 

(i) a control cell or contdol organism without target gene inhibition, 

(ii) a cell or organism with target gene inhibition, and 

(iii) a cell or organism with target gene inhibition plus target gene complementation 
by an exogeneons target nucleic acid. 
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The method and cells of the invention are also suitable in a procediare for identifying 
and/or chatacterizmg phaixnacological agents, eg-., identilying new pharmacological agents 
&om a collection of test substances aad/or characterizing mechanisms of action and/or side 
effects of known pharmacological -.agents. 

ThnSj, the present invention also relates to a system fox identifying and/or 
characterizing phamiacological agents acting on at least one target protein comprising: 

(a) a enkaryotic cell or a eukaryotic non-human organism capable of expressing at 
least one endogeneotis target gene coding for said target protein, 

(b) at least one double stranded RNA molecule capable of inhibiting the expression of 
said at least one endogeneous target gene, and 

(c) a test substance or a collection of test substances wherein pharmacological 
properties of said test substance or said collection are to be identified and/or characterized. 

Further, the system as desdribed above preferably comprises: 

(d) at least one exogeneous target nucleic acid coding for the target protein or a 
variant or mutated form of the target protein wherein said exogeneous target nucleic acid 
differs from the endogeneous target gene on the nucleic acid level such that the expression of 
the exogeneous target nucleic acid is substantially less inhibited by the double stranded RNA 
molecule than the expression of the endogeneous target gene. 

Furthermore^ the RNA knockout complementation method may be used for 
preparative purposes^ e.g.^ for the affinity purification of proteins or protein complexes fi-om 
eukaryotic cells, particularly mammalian cells and more particularly hianan cells. In this 
embodiment of the inveation, the Exogeneous target nucleic acid preferably codes for a target 
protein which is fused to an affinity tag. 

The preparative method may be employed for the purification of high molecular 
weight protein complexes which preferably have a mass of 150 kD and more preferably of 
500 KD and which optionally may contain nucleic acids such as RNA* Specific examples are 
the heterotrimeric protein complex consisting of die 20 kD, 60 kD and 90 kD proteins of the 
U4/U6 snRNP particle, the splichig factor SF3b from the 17S U2 snRNP consisting of 5 
proteins having molecular weights of 14, 49,120,145 and 155 kD and the 25S U4/U6/U5 tri- 
snRNP particle containing the U4^ U5 and U6 snRNA molecules and about 30 proteins, 
which has a molecular weight of about 1 J MD. 
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This mefOiod. is suitable for functional proteome analysis in maunnalian cells, 
particularly human cells. 

The invention is further illustrated by the following exaraples, which should not be 
construed as further limiting. The contents of all references, pending patent applications and 
published patents, cited throughout this application are hereby expressly incorpoiated by 
refereace. 

EXAMPLES 

Example 1. RNA Interference Mediated by Small Synthetic RNAs 
1.1. Experimental Procedures 
1.14- In vitro IRj^Ai 

In vitro RNAi and lysate preparations were performed as described previously 
(Tuschl et aL, 1999; Zamore et aL^ 2000). It is critical to use freshly dissolved creatine 
kinase (Roche) for optimal ATP regeneration. The KNAi translation assays (Fig, 1) were 
perfonned with dsRNA concentrations of 5 nM and an extended pre-incubation period of 15 
min at 25*'C prior to the addition of in vitro transcribed, capped and polyadenylated Pp-luc 
and Rr-luc reporter mRNAs. The; incubation was continued for 1 h and the relative amount 
of Pp-luc and Rr-Iuc protein was analyzed using the dual Inciferase assay (Promega) and a 
Monoligjit 30 IOC luminometer (PiharMingen). 

1,1.2. RNA Synthesis. 

Standard procedures were used for in vitro transcription of RNA froro PGR templates 
carrying T7 or SP6 promoter sequences, see for example (Tuschl et al, 1998), Synthetic 
RNA was prepared using Expedite RNA phosphoramidites (Proligo). The 3* adapter 
oligonucleotide was synthesized using dimethoxytri1yl-l,4-benzeaedimethanol-succinyl 
aminopropyl-CPG. The oligqribonucleotides were deprotected in 3 ml of 32% 
ammonia/ethanol (3/1) for 4 h 55^C at (Expedite RNA) or 16 h at 55^C (3' and 5' adapter 
DNA/RNA chimeric oligonucleotiijes) and then desialylated and gel-purified as described 
previously (Tuschl et aL, 1993). RjSTA transcripts for dsRNA preparation including long 3' 
overhangs were generated from PCR templates that contained a T7 promoter in sense and an 
SP6 promoter in antisense direction. The transcription template for sense and antiseiKe target 
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KISTA was PCR-amplified with , 

GC GTAATACGACTCACTATA GAACAATTGCTTTTACAG (xmderUned, T7 promoter)as 
5' primer and ATTTAGGTGACACTATA GGCATAAAGAATTGAAGA (underlined, SP6 
promoter) as 3' primer smd the liaearized Pp-luc plasmid (PGEM-luc sequence) (Tuschl e£ 
5 a/., 1999) as template; the T7-traixscribed sense RNA was 177 nt long ivith the Pp-luc 
sequence between pos, 1 13-273 relative to the start codon and followed by 17 nt of the 
complement of the SP6 promoter sequence at the 3' end. Transcripts for blunt-ended dsRNA 
formation were prepared by transcription finom two difFerait PGR products which only 
contained a single promoter sequence. 

10 DsRNA annealing was cadied out using a phenol/chloroform extraction. Equimolar 

concentration of sense and antiseiise RNA (50 nM to 10 ^M, depending on the length and 
amount available) in 0.3 M NaOAc (pH 6) were incubated for 30 s at 90°C and then 
extracted at room temperature with an equal volume of phenol/chloroform, and followed by a 
chlorofonn extraction to remove residual phenol. The resulting dsRNA was precipitated by 

1 5 addition of 2.5-3 volumes of ethaool. The pellet was dissolved in lysis buffer (1 00 mM Kcl, 
30 mM HEPES-KOH, pH 7 A, 2 mM Mg(OAc)2) and the quality of the dsKNA was verified 
by standard agarose gel electrophoreses in 1 x TAE-buffbr. The 52 bp dsRNAs with the 1 7 
nt and 20 nt 3' overhangs (FIG. 6) were annealed by incubating for I mm at 95X, then 
rapidly cooled to 70°C and followed by slow cooHng to room temperature over a 3 h period 

20 (50 [jI annealing reaction, 1 (jM strand concentration, 300 mM NaCI, 10 mM Tris-HCL, pH 
7-5). The dsRNAs were then phenol/chloroform extracted, ethanol-precipitated and 
dissolved in lysis buffer. 

Transcription of internally ^^P -radiolabeled RNA used for dsRNA preparation (FIGs, 
2 and 4) was performed using 1 mM ATP, CTP, GTP, 0.1 or 0.2 mM DTP, and 0.2-0.3 /iM 

25 32P-UTP (3000 Ci/imnol), or the respective ratio for radiolabeled nucleoside triphosphates 
other, than UTP. Labeling of the cap of the target RNAs was performed as described 
previously. The target RNAs were gel-purified after cap-labeling. 

1.1.3. Cleavage Site Mapping 
30 Standard KNAi reactions were performed by pre-incubating 1 0 nM dsKNA for 1 5 

min followed by addition of 10 nM cap-labeled target RNA. The reaction was stopped after 
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a further 2 h (FIG. 2A) or 2.5 h incubation (FIG. 5B and 6B) by proteinase K treatment 
(Tuschl et aL, 1999). The samples were then analysed on 8 or 10% sequencing gels. The 21 
and 22 nt synthetic RNA dupleixes were used at 100 nM final concentration (Fig. 5B). 

1.1-4. Cloning of --21 nt RNAs 

The 21 nt RNAs were produced by incubation of radiolabeled dsRNA in Drosophila 
lysate in absence of target RNA (200 (jX reaction, 1 h incubation, 50 nM dsPl 1 1, or 100 nM 
dsP52 or dsP39). The reaction mixture was subsequently treated with protemase K (Tuschl 
et aLy 1999) and the dsRNA-processing products were separated on a denaturing 15% 
polyacrylaiOTde gel. A baiid, including a size range of at least IS to 24 nt, was excised, 
elufed iixto 0.3 M NaCl overnight at 4*C and in siliconized tubes. The RNA was recovered 
by ethauol-precipitation and dephpsphorylated (30 ii\ reaction, 30 min, 50*C, 10 U alkaline 
phosphatase, Roche). The reaction was stopped by phenol/clilorofonn extraction and the 
KNA was ethanol-piecipitated. The 3 ' adapter oligonucleotide OpUUUaaccgcatccttctcx: 
uppercase, RNA; lowercase, DNA; phosphate; x, 4-hydroxymethylben2yl) was then 
ligatedto the dephosphorylated -21 nt RNA (20 jttl reaction, 30 min, 3TC^ 5 (iM 3' adapter, 
50 jnM Tris-HCl, pH 7.6, 10 mM MgC12, 0.2 xnM ATP, 0.1 mg/ml acetylatedBSA, 15% 
DMSO, 25 U T4 RNA Hgase, Ainersham-pharmacia)(Pan and Uhlenbeck, 1992). The 
ligation reaction was stopped by the addition of an equal volume of 8 M urea/50 mM EDTA 
stop mix and directly loaded on a 1 5% gel. Ligation yields were greater than 50%- The 
ligation product was recovered from the gel and 5'-phosphorylated(20 ^1 reaction, 30 min, 
37^C, 2 mM ATP, 5 U T4 polynucleotide kinase, NEB). The phosphorylation reaction was 
stopped by phenol/chloroform extraction and RNA was recovered by ethanol-precipitation. 
Next, the 5' adapter (tactaatacgactoactAAA: uppercase, RNA; lowercase, DNA) was ligated 
to the phosphorylated ligation product as described above. The new ligation product was 
gel-purified and eluted from the gel slice in the presence of reverse transcription primer 
(GACTAGCTGGAATTCAAGGATGCGGTTAAA: bold, Eco RI site) used as carrier. 
Reverse transcription (15 [A reaction, 30 min, 42'*C, 150 U Superscript IE reverse 
transcriptase. Life Technologies) was followed by PGR using as 5' primer 
CAGCCAACGGAATTCATACGACTCACTAAA (bold, Eco RI site) and the 3' RT primer. 
The PGR product was purified by phenol/chlorofoim extraction and ethauol precipitated. 



40 



wo 03/099298 PCT/EP03/05513 

The PGR product was then digested with Eco RI (NEB) and concatamerized using T4 DMA 
ligase (higji cent.;, NEB). Concatamers of a size range of 200 to 800 bp were separated on a 
low-melt agarose gel, recovered 'from the gel by a standard melting and phenol extraction 
procedure^ and ethanol-precipitated. The impaired ends were filled in by incubation with Taq 
polymerase under standard conditions for 15 mm at 72°C and the DNA product was directly 
ligatedinto the pCR2.1-TOPO vector using the TOPO TA cloning kit (Invitrogen), Colonies 
were screened using PCR and M13-20 and M13 Reverse sequencing primers, PGR products 
were directly submitted for custom sequencing (Sequence Laboratories Gottingen GmbH, 
Germany). On average, four to five 21mer sequences were obtained per clone* 

1.1,5, 2D^TLC Analysis 

Nuclease PI digestion of radiolabeled^ gel-purified siRNAs and 2D-TLG was carried 
out as described (Zamore et aL, 2000). Nuclease T2 digestion was performed in 10 /xl 
reactions for 3 h at 50X in 10 mM ammonium acetate (pH 4.5) using 2 ii^iJH carrier fRNA 
and 30 U ribonuclease T2 (Life Technologies). The migration of non-radioactive standards 
was determined by UV shadowing. The identity of nucleoside-3',5*-diphosphates was 
confirmed by co-migration of the T2 digestion products with standards prepared by 5-"^^? - 
phosphorylation of commercial nucleoside 3'-monophosphates using 7-^^P -ATP and T4 
polynucleotide kinase (data not shown), 

1 .2. Results and Discusiion 

1.2.1. Length Requirements for Processing of dsRNA to 21 and 22 nt RNA 
Fragments 

Lysate prepared fi-omZ), melanogaster syncytial embryos recapitulates RNAi in vitro 
providing a novel tool for biochemical analysis of the mechanism of RNAi (Tuschl et aL^ 
1999; Zamore et aL^ 2000). In vitro and in vivo analysis of the length requiremMits of 
dsRNA for RNAi has revealed that short dsRNA (<150 bp) are less effective than longer 
dsRtsFAs in degrading target mRNA (Caplen et aU 2000; Hammond et aL^ 2000; Ngo et aL, 
1998; Tuschl et aL^, 1999). The reasons for reduction in mRNA degrading efficiency are not 
understood. We therefore examqied the precise length requirement of dsRNA for target 
RNA degradation under optimiz^ conditions in the Drosophila lysate (Zamore et aL^ 2000)* 
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Several series of dsRNAs were synthesized and directed against firefly luciferase (Pp-luc) 
r^orter KNA. The specific suppression of target KNA expression was monitored by the 
dual Inciferase assay (Tuschl et aL^ 1999) (FlGs. lA and IB). We detected specific 
inhibition of target RNA expres^on for dsRNAs as short as 38 bp, hut dsKNAs of 29 to 36 
bp were not effective in this process. The effect was independent of the target position and 
the degree of inhibition of Pp-luo inKNA eicpression correlated with the length of the 
dsRNA, z.e., long dsRNAs were more effective than short dsRNAs. 

It has been suggested that the 21-23 nt KNA fragments generated by processing of 
dsRNAs are the mediators of KNA interference and co-suppression (Hamilton and 
Baulcombe, 1999; Hammond et al, 2000; Zamore et al, 2000). We therefore analyzed the 
rate of 21-23 nt fragment formation for a subset of dsRNAs ranging in size between 501 to 29 
bp. Formation of 21-23 nt fragments in Drosophila lysate (FIG. 2) was readily detectable for 
39 to 501 bp long dsRNAs but was significantly delayed for the 29 bp dsKNA. This 
observation is consistent with a lole of 21-23 nt fragments in guiding mRNA cleavage and 
pjovides an explanation for the lack of KNAi by 30 bp dsRNAs. The length dependence of 
21-23 mer formation is likely to reflect a biologically relevant control raechanisra to prevent 
the imdesired activation of RNAi by short intramolecular base-paired structures of regular 
cellular RNAs. 

1 .2-2. 39 bp dsRNA Mediates Target RNA Cleavage at a Single Site 

Addition of dsRNA and 5'-capped target RNA to the Drosophila lysate results in 
sequence-specific degrada.tion of'the target RNA (Tuschl et al, 1999). The target roENA is 
only cleaved within the region of identity with the dsRNA and many of the target cleavage 

1 

sites were separated by 21-23 nt (Zamore et al, 2000). Thus, the number of cleavage sites 
for a given dsRNA was expected, to roughly correspond to the length of the dsRNA divided 
by 21 . We mapped the target cleavage sites on a sense and an antisense target RNA which 
was 5' radiolabeled at the cap (Zamore et al, 2000) (FIG.s 3 A and 3B). Stable 5 'cleavage 
products were separated on a sequencing gel and the position of cleavage was determined by 
comparison with a partial KNaseTl and an alkaline hydrolysis ladder from the target RNA. 

Consistent with the previous observation (Zamore et aL, 2000), all target RNA 
cleavage sites were located within the region of identity to the dsRNA, The sense or the 
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anliseuse target was only cleaved once by 39 bp dsRNA, Each cleavage site was located 1 0 
nt from the 5'end of the region covered by the dsKNTA (FIG. 3B). The 52 bp dsRNA, which 
shares the same 5' end with the 39'bp dsRNA, produces the same cleavage site on the sense 
target, located 10 nt &om the 5' end of the region of identity with- the dsRNA, in addition to 
5 two weaker cleavage sites 23 and 24 nt downstream of the first site. The antisense target was 
only cleaved once, again 10 nt from the 5* end of the region covered by its respective dsRNA. 
Mapping of the cleavage sites for the 38 to 49 bp dsKNAs shown in FIG. 1 showpd that the 
first and predominant cleavage site was always located 7 to 10 nt downstream of the region 
covered by the dsRNA (data not shown). This suggests that the point of target KNA 

10 cleavage is determined by the endjof the dsRNA and conld imply that processing to 21-23 
mers starts from the ends of the duplex. 

Cleavage sites on sense ank antisense target for the longer 1 1 1 bp dsKNA were much 
more frequent than anticipated and most of them appear in clusters separated by 20 to 23 nt 
(FIG.S 3A and 3B)- As for the shorter dsRNAs, the jBrst cleavage site on the sense target is 

15 1 0 nt from tihe 5' end of the region spanned by the dsRNA, and the first cleavage site on the 
antisense target is located 9 nt from the 5' end of the region covered by the dsKNA. It is 
unclear what causes this disordereid cleavage^ but one possibility could be that longer 
dsRNAs may not only get processed from the ends but also internally, or there are some 
specificity determinants for dsRNA processing which we do not yet understand. Some 

20 irregularities to the 21-23 nt spacing were also previously noted (Zamore et aL, 2000). To 
better understand the molecular basis of dsRNA processing and target RNA recognition, we 
decided to analyse the sequences of the 21-23 nt fragments generated by processing of 39, 52, 
and 1 1 1 bp dsRNAs in the Drosophila lysate. 

25 1.2.3 dsRNA is Processed to 21 and 22 nt RNAs by an RNase Ill-Like 

Mechanism 

In order to characterize the 21-23 nt RNA fragments^ we examined the 5' and 3* 
termini of the KNA fii^gments. Periodate oxidation of gel-pwified 21-23 nt KNTAs followed 
by /3-elimination indicated the presence of a tetnunal 2' and 3' hydroxyl groups. The 21-23 
30 mers w®re also responsive to aDcaline phosphatase treatment indicating the presence of a 5' 
temiinal phosphate group* The presence of 5' phosphate and 3' hydroxyl termini suggests 

43 



wo 03/099298 PCT/EP03/05513 

that the dsRNA could be processed by an enzymatic activity similar to E. coli RNase lH (for 
reviews, see Dunn, 1982; Nicholson, 1999; Robertson, 1990; Robertson, 19S2), 

Directional cloning of 21-23 nt RNA fragments was performed by ligation of a 3' and 
5* adapter oligonucleotide to thepnriJSed 21-23 mers using T4 RNA ligase. The ligation 
5 products were reverse transcadbejij, PCR-amplifiedj concatamerized, cloned, and sequenced. 
Over 220 short RNAs were sequenced jSrom dsKNA processing reactions of the 39, 52 and 
1 1 1 bp dsRNAs CFIG. 4A). We found the following length distribution: 1% 18 nt, 5% 19 nt, 
12% 20 nt, 45% 21 nt, 28% 22 ^t, 6% 23 nt, and 2% 24 nt. Sequence analysis of the 5' 
tercainal nucleotide of the processed jfragments indicated that oligonucleotides with a 5' 

10 guanosine were underrepresented- This bias was most likely introduced by T4 RNA ligase 
which discriminates against 5' phosphorylated guanosine as dcnor ohgonucleotide; no 
significant sequence bias was seen at the 3* end. Many of the --21 nt ftagments derived from 
the 3' ends of the sense or antisense strand of the duplexes include 3' nucleotides that are 
derived fiom iintemplated addition of nucleotides during RNA synthesis using T7 RNA 

15 polymerase. Interestingly, a significant number of endogra.ous Drosophila -21 nt RNAs 

were also cloned, some of Ihem from LTR and non-LTR retrotransposons (data not shown). 
This is consistent with a possible role for RNAi in transposon silencing. 

The ~2 J nt RNAs appear in clustered groups (FIG. 4A) which cover the entire 
dsRNA sequences- Apparently, the processing reaction cuts the dsRNA by leaving staggered 

20 3' ends, another characteristic of RNase III cleavage. For the 39 bp dsRNA, two clusters of 
--21 nt RNAs were found from each dsRNA-constituting strand including overhanging 3' 
ends, yet only one cleavage site .was detected on the sense aud antisense target (FiG.s 3 A and 
3B). If the -21 nt fragments were present as single-stranded guide RNAs in a complex that 
mediates niRNA degradation, it could be assumed that at least two target cleavage sites exist, 

25 but this was not the case. This suggests that the -21 nt RNAs may be present in double 

stranded form in the endonuclease complex but that only one of the strands can be used for 
target RNA recognition and cleavage. The use of only one of the -21 nt strands for target 
cleavage may simply be determined by the orientation in which the -21 nt duplex is bound to 
the nuclease complex. This orientation is defined by the direction in which the original 

30 dsRNA was processed. 



44 



wo 03/099298 



PCT/EP03/05513 



The -21 mer clusters for the 52 bp and 1 1 1 bp dsKHA are less well defined when 
compared to the 39 bp dsRNA. The clusters are spread over regions of 25 to 30 nt most 
lilcely representing several distmot subpopulations of -21 nt duplexes and therefore goidiug 
target cleavage at several nearby sites. These cleavage regions are still predominantly 

5 sqparated by 20 to 23 nt intervals. The rules determining how regular dsRNA can be 

processed to ^-21 nt fiagtnents are not yet understood, but it was previously observed that the 
approx- 21 -'23 nt spacing of cleavage sites could be altered by a run of uridines (Zamore e£ 
aL, 2000)- The specificity of dsRNA cleavage by E. coli RNase HI appears to be mainly 
controlled by antideteiminants, Le.^ excluding some specific base-pairs at given positions 

10 relative to the cleavage site (Zhang and Nicholson, 1997). 

To test whether sugar-> base- or cap-modification were present in processed -21 nt 
KNTA fragments^ we incubated radiolabeled 505 bp Pp-luc dsRNA in lysate for 1 h;, isolated 
the -21 nt products, and digested it with PI or T2 nuclease to mononucleotides. The 
nucleotide mixture was then analyzed by 2D thin-layer chromatography (FIG. 4B). None of 

16 the four natural ribonucleotides were modified a$ indicated by PI or T2 digestion. We have 
previously asaalyzed adenosine to inosine conversion in the -'2 1 nt iragments (after a 2 h 
incubation) and detected a small ext^t (<0,7%) deamination (Zamore et al.> 2000); shorter 
incubation in lysate (1 h) reduced'this inosine fi-action to barely detectable levels. ENTase T2, 
which cleaves 3* of the phosphodfester linkage, produced nucleoside 3*-pho$phate and 

20 nucleoside 5 -diphosphate^ thereby indicating the presence of a 5 -temiinal 

monophosphate. All four nucleoside 3', 5'-diphosphates were detected and suggest that the 
intemucleotidic linkage was cleaved with little or no sequence-specificity. In suraraairy, the 
--21 nt flragments are unmodified and were generated fi-om dsRNA such tliat 5 - 
monophosphates and 3 -hydroxyls were present at the 5'-end. 

25 

1,2-4 Synthetic 21 and 22 ot RNAs Mediate Target RNA Cleavage 

Analysis of the products of dsKNA processing indicated that the --21 nt fragments are 
generated by a reaction with all the characteristics of an RNase IDE cleavage reaction (Dunn, 
19S2; Nicholson, 1999; Robertson, 1990; Robertson, 1982). RNase in makes two staggered 
30 cuts in both strands of the dsRNA, leaving a 3' overhang of about 2 nt. We chemically 
synthesized 21 and 22 nt RNAs, identical in sequence to some of the cloned -21 nt 
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fragments, aad tested them for their ability to mediate target RNA degradation (FIG.s 5A and 
5B). The 21 and 22 ixt RNA dupllexes were incubated at 100 nM concentrations in the lysate^ 
a 10-fold higher concentration than the 52 bp control dsKNA. Under these conditions, target 
RNA cleavage is readily detectable. Reducing the concentration of 21 and 22 nt duplexes 
5 from 100 to 10 xM does still cause target RNA cleavage. Increasing the duplex 

concentration from 100 nM to 1000 nM however does not further increase target cleavage, 
probably due to a UmititLg protein factor within the ]ysate. 

In contrast to 29 or 30 bp dsKNAs that did not mediate RNAi, the 21 and 22 nt 
dsRNAs with overhangittg 3' ends of 2 to 4 nt mediated efficient degradation of target RNA 

10 (duplexes I, 3, 4, 6, FIG.s 5A aad 5B). Blunt-ended 21 or 22 nt dsKNAs (duplexes 2, 5, and 
7 J, FIG,s 5 A and 5B) were reduced in their ability to degrade the target and indicate that 
overhanging 3' ends are critical for reconstitution of the RNA-protein nuclease complex. The 
single-stranded overhangs may be required for high affinity binding of the -21 nt duplex to 
the protein components. A 5' temiinal phosphate, although present after dsRNA processing, 

IS was not required to mediate target RNA cleavage and was absent from the short synthetic 
KNAs. 

The synthetic 21 and 22 nt duplexes guided cleavage of sense as well as antisense 
targets within the region covered by the short duplex. This is an important result considering 
that a 39 bp dsRNA, which forms two pairs of clusters of -21 nt fragments (Fig. 2), cleaved 

20 sense or antisense targets only once and not twice. We interpret this result by suggestiu.g that 
only one of two strands present in the -21 nt duplex is able to guide target RNA cleavage and 
that the orientation of the '-21 nt duplex in the nuclease complex is determined by the initial 
direction of dsKNA processing. The presentation of an already perfectly processed —21 nt 
duplex to the in vitro system however does allow formation of the active sequence specific 

25 nuclease complex with two possible orientations of the symmetric RNA duplex. This results 
in cleavage of sense as well as antisense target within the region of identity with the 21 nt 
RNA duplex. 

The target cleavage site is located 1 1 or 12 nt downstream of the first nucleotide that 
is complementary to the 21 or 22 nt guide sequence, Le., the cleavage site is near the center 
30 of the region covered by the 21 or 22 nt RNAs (FIG.s 4A and 4B), Displacing the sense 

strand of a 22 nt duplex by two nucleotides (compare duplexes 1 and 3 in FIG- 5 A) displaced 
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tiie cleavage site of ouly the antisense target by two nucleotides. Displacing both sense and 
antisexise strands by two nucleotides shifted both cleavage sites by two nucleotides (compare 
duplexes 1 and 4). It should be possible to design a pair of 21 or 22 nt RNAs to cleave a 
target RNA at almost any givesn positiou- 
5 The specificity of target RNA cleavage guided by 21 and 22 nt RNAs appears 

exquisite a$ no aberrant cleavage sites are detected (Fig. 5B). It should however be noted, 
that the nucleotides present in the 3' overhang of the 21 and 22 nt RNA duplex may 
contribute less to substrate recognition than the nucleotides near the cleavage site. This is 
based on the observation that the 3' most nucleotide in the 3' overhang of the active duplexes 

10 1 or 3 (FIG, 5 A) is not complementary to the target. A detailed analysis of the specificity of 
KNAi can now be readily undertaken using synthetic 21 and 22 nt RNAs. 

Based on the evidence that synthetic 21 and 22 nt RNAs with overhanging 3* ends 
mediate RNA interference, we propose to name the -21 nt RNAs "short interfering RNAs" or 
siRNAs and the respective KNA-protein complex a "small interfering ribonucleoproteia 

1 5 particle," or siRNP- 

1.2.5. 3^ Overhangs of 20 nt on short dsRNAs inhibit RNAi 

We have shown that short blunt-ended dsRNAs appear to be processed from the ends 
of the dsRNA. Dtiring our study of the length dependence of dsRNA in RNAi, we have also 

20 analyzed dsRNA with 17 to 20 nt overhanging 3' ends and found to our surprise that they 
were less potent tJian blunt-ended dsRNAs. The inhibitory effect of long 3' ends was 
particularly pronounced for dsRNAs up to 100 bp but was less dramatic for longer dsRNAs. 
The effect was not due to imperfect dsRNA formation based on native gel analysis (data not 
shown). We tested if the inhibitory effect of long overhanging 3' ends could be used as a tool 

25 to direct dsRNA processing to only one of the two ends of a short RNA duplex. 

We synthesized four combinations of the 52 bp model dsRN A, blunt-eaaded, 3' 
extension on only the sense strand; 3 -extension on only the antisense strand^ and double 3' 
extension on bolli strands, and mapped the target RNA cleavage sites after incubation in 
lysate (FIG.S 6A and 6B). Hie first and predominant cleavage site of the sense target was 

30 lost when the 3* end of the antisense strand of the duplex was extended, and vice versa, the 
strong cleavage site of the antisense target was lost when the 3' end of sense strand of the 
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duplex was extended, 3' Extensions on both strands rendered the 52 bp dsRNA Adrtually 
inactive. One explanation for thfe dsRNA iaactivation by --20 nt 3' extensions could be the 
association of single-stranded KNA-binding proteins which could interfere with the 
association of one of the dsRNA-processing factors at this end. This result is also consistent 

6 with our model where oixly one of the strands of the siRNA dtjqplex in the assembled siRNP is 
able to guide target RNA cleavage. The orientation of the strand that guides RNA cleavage 
is defined by the direction of the-dsKNA ptocessing reaction. It is likely that the presence of 
y staggered ends may facilitate the assembly of the processing complex. A block at the 3' 
end of the sense strand will only ipermit dsRNA processing from the opposing 3' end of the 

10 antisense strand. This in tum generates siKNP complexes in which only the antisense strand 
of the siRNA duplex is able to guide sense target KNA cleavage. The same is tme for the 
reciprocal situation* 

The less pronounced inhibitory effect of long 3' extensions in the case of longer 
dsRNAs (500 bp, data not shown) suggests to us that long dsRNAs may also contain internal 
15 dsRNA-processing signals or may get processed cooperatively due to the association of 
multiple cleavage factors. 

1.2-6. A Model for dsRNA-Directed mRNA Cleavage 

The new biochemical data update the model for how dsRNA targets mKNA for 
20 destruction (FIG, 7). Double stranded RNA is first processed to short RNA duplexes of 

predominantly 21 and 22 nt in length and with staggered 3' ends similar to an RNase ni-hke 
reaction (Dunn, 1982.; Nicholson^ 1999; Robertson, 1982). Based on the 21-23 nt length of 
the processed RNA fragments it has already been speculated that an RNAse IE-like activity 
maybe involved in RNAi (Bass, 2000), This hypothesis is further supported by the presence 
25 of 5' phosphates and 3' hydroxyls termini at the termim of the siRNAs as observed in RNAse 
m reaction products (Dunn, 1982^ Nicholson, 1999). Bacterial RNAse in and the eukaryotic 
homologs Rntlp in cerevisiae and Paclp in S. pombe have been shown to fbnction in 
processing of ribosomal RNA as well as snKNA and snoRNAs (see for example Chanfreau et 
a/., 2000), 

30 Little is known about the biochemistry of RNase m homologs from plants, or 

animals, including humans. Two families of RNase HI enzymes have been identified 
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predominantly by database-guide'd sequence analysis or cloning of cDNAs. The first RNase 
ni family i$ represented by the 1327 amino add longD, melanogaster protein drosha (Acc. 
AFl 1 6572), The C-terminus is composed of two KNase HI and one dsRNA-binding domain 
and the N-torminus is of unknown function. Close homologs are also feund in C elegans 
(Acc. AF160248) and human (Acc. AF1S901 1) (Filippov et al, 2000; Wu et aL, 2000), The 
drosha-like human RNase HI was recently cloned and characterized (Wu et aLy 2000)* The 
gene is ubiquitously expressed in human tissues and cell lines, and the protein is localized in 
the nucleus and the nucleolus of the cell. Based on results inferred from antisense inhibition 
studies, a role of this protein for rRNA processing was suggested. The second class is 
represented by the C elegans gene K12H4,S (Acc. S44849) coding for a 1822 amino acid 
long protein- This protein has anOSF-temiinal RNA helicase motif which is followed by 2 
RNase HI catalytic domains and a dsRKA-binditig motif, similar to the diosha KNAse III 
family. There are close homologs in S- pombe (Acc, Q09884)> A. thaliana (Acc. AF1873 17)> 
D. melanogaster (Acc, AE003740), and human (Acc. ABG28449) (Filippov et al, 2000; 
Jacobsen et aL, 1999; Matsuda et al, 2000). Possibly the K12H4.8 RNase m/helicase is the 
likely candidate to be involved in-RNAi. 

Genetic screens in C elegans identified rde-l and rde-4 as essential for activation of 
RNAi witiiout an effect on transposon mobilization or co-suppression (Demburg et aL^ 2000; 
Gxishok et aL, 2000; Ketting and Plasterk, 2000; Tabara et aL, 1999). This led to the 
hypothesis that these genes are important for dsRNA processing but are not involved in 
mRNA target degradation. The function of both genes is as yet unknown^ the rde-1 gene 
product is a member of a family of proteins similar to the rabbit protein eIF2C (Tabara et aL, 
1999), and the sequence of rde-4 has not yet been described. Future biochemical 
characterization of these proteins should reveal their molecular function. 

Processing of the siRNA duplexes appears to start from the ends of both blunt-ended 
dsRNAs or dsRNAs with short (1-5 nt) 3* overhangs, and proceeds in approximately 21-23 nt 
steps. Long (-20 nt) 3^ staggered ends on short dsRNAs suppress RNAi, possibly through 
interaction with single-stranded RNA-binding proteins. The suppression of RNAi by single- 
stranded regions flanking short dsRNA and the lack of siRNA formation from short 30 bp 
dsRNAs may explain why structured re^ons frequently encountered in mRNAs do not lead 
to activation of RNAi. 
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Without wishing to be bound by theory^ we presume that the dsKKA-processing 
proteins or a subset of these remain associated wife the siKNA duplex after the processing 
reaction. The orientation of the siENA duplex relative to these proteins determines which of 
the two complementary strands fiinctioiis in guiding target RNA degradation. Chemically 
synthesized siKNA duplexes guide cleavage of sense as well as antisense target UNA as they 
are able to associate with the protein components in either of the two possible orientation* 

The remarkable finding that synthetic 21 and 22 nt siKNA duplexes can be used for 
efficient mRNA degradation provides new tools for sequence-specific regulation of gene 
expression in firactional genomics as well as biomedical studies. The siRNAs may be 
effective in mammalian systems where long dsRNAs camiot be used due to the activation of 
the PKR response (Clemens, 1997). As such, the siRNA duplexes represent a new 
alternative to antisense or ribozyme therapeutics. 

Example 2* RNA Interference in Human Tissue Cultures 
2.1. Methods 

RNA preparation 

21 nt KNAs were chemically synthesized using Expedite RNA phosphoramidites and 
thymidine phosphoramidite (Proiligo, Gemiany). Synthetic oligonucleotides were 
deprotected and gel-purified (Example 1)^ followed by Sep-Pak CIS cartridge (Waters, 
Milford, MA, USA) purification (Tuschl, 1993). The siRNA sequences targeting GL2 (Acc. 
X65324) and GL3 luciferase (Acc- U47296) corresponded to the coding regions 153-173 
relative to the first nucleotide of the start codon; siRNAs targeting RL (Acc, AF025846) 
corresponded to region 1 19-129 after tlie start codon- Longer KNAs were transcribed with 
T7 RNA polymerase firom PGR products, followed by gel aad Sep-Pak purification. The 49 
and 484 bp GL2 or GL3 dsRNAs corresponded to position 113-161 and 1 13-596, 
respectively^ relative to the start of translation; the 50 and 501 bp RL dsRNAs corresponded 
to positions 118-167 and 118-6118^ respectively, PGR templates for dsKNA synthesis 
targeting humanized GPP (hG) were amplified fix>m pAD3 (Kehlenbach, 1998)^ whereby 50 
and 501 bp hG dsRNA corresponded to position 1 18-167 and 1 18-618, respectively, to the 
start codon. 
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For annealing of siRNAs, 20 /xM single strands were incubated in annealing buffer 
(1 00 mM potassiiim acetate, 30 wM HEPES-KOH at pH 7 A 2 ixM magnesium acetate) for 
1 min at 90''C followed by 1 h at 37''C The 37'='C incubation step was extended overnight 
for the 50 and 500 bp dsKNfAs and these annealing reactions were performed at 8.4 /jM and 
0.84 i«M strand concentrations, respectively. 

2*1.2. Cell Culture 

S2 cells were propagated in Schneider's Drosophila medium (Life 
Technologies) supplemented with '10% FBS, 100 units/ml penicillin and 100 fig/ml 
streptomycin at 25^C. 293, NIH/3T3, HeLa S3, and COS~7 cells were grown at 3T'C in 
Dulbecco 's modified Eagle's medium supplemented with 10% FBS, 100 units/ml penicillin 
and 100 /xg/tnl streptomycin. Ceils were regularly passaged to maintain exponential growth 
24 h before transfection at approx, 80% confluencya mammalian cells were trypsinized and 
diluted 1 :5 with fresh medium without antibiotics (1-3 x 105 cells/ml) and transferred to 24- 
well plates (500 /tl/well). S2 cells were not trypsinized before splitting. Transfection was 
carried out with Lipofectamine 20t)0 reagoit (Life Technologies)as described by the 
manufacturer for adherent cell lines. Per well, 1.0 /i,g pGL2-ControI (Promega) orpGL3- 
Control CPromega), 0.1 fig pRL-TK (Promega) and 0.28 /ig siRNA duplex or dsRNA, 
formulated into liposomes^ were applied; the final volume was 600 fil per well. Cells were 
incubated 20 h after transfection and appeared healthy thereafter, Luciferase expression was 
subsequently monitored with the Dud luciferase assay (Promega). Transfection efBciencies 
were determined by fluorescence microscopy for mammaliau cell lines after co-transfection 
of 1,1 ng hGFP-encoding pAD3 and 0.28 pg invGL2 inGL2 siRNA and were 70-90%. 
Reporter plasmids were amplified in XL-1 Blue (Stratagene) and purijaed using the Qiagen 
EndoFree Maxi Plasmid Kit 

2*2. Results and Discussion 

To test whether siRNAs are ^o enable of mediating RNAi in tissue culture, we 
synthesized 21 nt siRNA duplexes with sjmmetric 2 nt 3* overhangs directed agaix^t reporter 
genes coding for sea pansy (Renitla reniformis)Bnd two sequence variants of firefly {Photinus 
pyralis^ GJ-2 and GL3) luciferasesj (Fig. 8a, b). The siRNA duplexes were co-transfected 
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wiffi the reporter plasmid combinations pGL2/pRL or pGL3/pRL into D. melanogaster 
Schneider (S2) cells or mammaKW cells using cationic liposomes. Luciferase aclivities were 
determined 20 h after transfection. In all cell lixies tested^ we observed specific reduction of 
tte expression of the reporter genes in the presence of cogaate siRNA duplexes O^'ig- ^a-j). 
Remarkably^ the absolute lucifer^e expression levels were unaffected by non-cognate 
siRNAs^ indicating the absence of hannful side effects by 21 nt RNA duplexes (e-g.. Fig. 
lOa-d for HeLa cells), \xiD, metunogaster S2 cells (Fig. 9a, b), the specific inhibition of 
luciferases was complete. In mammalian cells, where the reporter genes were 50- to lOQ-fold 
more strongly expressed, the specific suppression was less complete (Fig. 9c-j). GL2 
expression was reduced 3- to 12-fold, GL3 expression 9- to 25-fold and RL expression 1- to 
3-fdld, in response to the cognate siRNAs. For 293 cells, targeting of RL luciferase by RL 
siRNAs was ineffective, although GL2 and GL3 targets responded specifically (Fig. 9i, j). 
The lack of reduction of RL expression in 293 cells may be due to its 5-to 20-fold higher 
expression compared to any other mammalian cell line tested and/or to limited accessibility 
of the target sequence due to KNA secondary stmcture or associated proteins. Nevertheless, 
specific targeting of GL2 and GL3 luciferase by the cognate siRNA duplexes indicated that 
RNAi is also fhnctiotting in 293 cells. 

The 2 nt 3' overhang in all siRNA duplexes, except for uGL2, was composed of (2' 
deoxy) thymidine. Substitution of uridine by thymidine in the 3' overhang was well tolerated 
in the D. melanogaster in vitro system and the sequence of the overhang was not critical for 
target recognition. The thymidine overhang was chosen, because it is supposed to enhance 
nuclease resistance of siKNAs in the tissue culture medium and within transfected cells. 
Indeed, the thymidine-modified GL2 siRNA was slightly more potent than the unmodified 
uGL2 siRNA in all cell lines tested (Fig, 9a, c, e, i). It is conceivable that finfher 
modifications of the 3' overhanging nucleotides may provide additional b^efits to the 
delivery and stability of siRNA duplexes. 

In co-transfection expedments, 25 nM siRNA duplexes with respect to the final 
volume of tissue culture mediuni' were used (Fig- 9, 10). Increasing the siRNA concentration 
to 1 00 nM did not enhance the specific silencing effect but started to affect transfection 
efficiencies due to competition for liposome encapsulation between plasmid DNA and 
siRNA (data not shown)- Decreasing the siRNA concentration to 1 ,5 nM did not reduce the 
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Specific silencing effect (data not shown), even though the siRNAs were now only 2- to 20- 
fold more concentrated than the DNA plasmids. This mdicate3 that siRNAs are 
extraordinarily powerful reagents for mediating gene silencing and that siRNAs are effective 
at concentrations several orders of magnitude below the concentrations applied in 
conventional antisense or riboayme gene targeting experiments. 

In order to monitor the effect of longer dsRNAs on mammalian cells, 50 and 500 bp 
dsRNAs cognate to the reporter ge^es were prepared. As non-specific control, dsKNAs from 
humaoized GFP (hG)(Kelilenbach^ 1998) was used. When dsRNAs were co-transfected in 
identical amounts (not concentrations) to the siRNA duplexes^ the reporter gene expression 
was strongly and unspecifically reduced- This effect is illiistrated for HeLa cells as a 
repres«itative example (Fig, 10a;-d). The absolute Inciferase activities were decreased 
unspecifically 10- to 20-fold by 50 bp dsRNA and 20- to 200'fold by 500 bp dsRNA co- 
transfection, respectively. Similar unspecific effects were observed for COS-7 and NIH/3T3 
cells. For 293 cellSi> a 10- to 20-fold unspecific reduction was observed only for 500 bp 
dsRNAs. Unspecific reduction in reporter gene expression by dsRNA >30 bp was expected 
as part of the interferon response. 

Surprisingly, despite the strong unspecific decrease in reporter gene expression, we 
reproducibly detected additional sequence-specific^ dsENA-mediated silencing. The specific 
silencing effects, however, were only apparent when the relative reporter gene activities were 
nonnalized to the hG dsRNA controls (Fig, lOe^ f). A 2- to 10-fold specific reduction in 
response to cognate dsRNA was observed, also in the other three mammalian ceH lines tested 
(data not shown). Specific silencing effects with dsKNAs (356-1 662 bp) were previously 
reported in CHO-Kl cells, but the amounts of dsRNA required to detect a 2-to 4-fold specific 
reduction were about 20-fold higher than in our experiments (Ui-Tei, 2000). Also, CHO-KI 
cells appear to be deficient in flie interferon response. In another report, 293, N1H/3T3 and 
BHK-21 cells were tested for RNAi using luciferase/IacZ rqjorter combinations and 829 bp 
specific lacZ or 717 bp unspecific GFP dsKNA (Caplen, 2000). The failure of detecting 
RNAi in this case may be due to the less sensitive luciferase/lacZ reporter assay and the 
length differences of target aad control dsRNA. Taken together, our results indicate that 
KNAi is active in mammalian cells, but that the silencing effect is difficult to detect if the 
interferon system is activated by dsRNA >30 bp. 
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In summaiy, we have demonstrated for the first time siRNA-mediated gene silencing 
in manunalian cells. The use of short siRNAs holds great promise for inactivation of gene 
functicm in human tissue culture land the development of gene-specific therapeutics. 

Example 3* Specific Inhibition of Gene ExpressioiK by RNA Interference 

3.1. Materials and Methods 

3.1.1* RNA preparation and RNAi assay 

Chemical RNA syntliesis^ annealing^ and luciferase-based RNAi assays were 
performed as described in Examples 1 or 2^ or in previous publications (TuschI et aL^ 1999; 
Zamore et aL, 2000). All siRNA duplexes were directed against firefly laciferase, and the 
luciferase mRNA sequence was derived firom pGEM-luc (GenBank acc. X65316) as 
described (Tusohl et aL, 1999). The siRNA duplexes were incubated in melanogaster 
KNAi/translation reaction for 15 min prior to addition of mRNAs. Translation-based RNAi 
assays were performed at least iri triplicates. 

For mapping of sense target RNA cleavage^^ a 177-nt transcript was generated^ 
corresponding to the &efly luciferase sequence between positions 1 1 3-273 relative to the 
start codon^ followed by the 17-nt complement of the SP6 promoter sequence. For mapping 
of antisense target RNA cleavage, a 166-nt transcript was produced from a template^ which 
was amplified from plasmid sequence by PCR using 5' primer 

TAATACGACTCACTATAGAG CCCATATCGTTTCATA (17, promoter underlined) and 
3' primer AGAGGATGGAACCGCTGG. The target sequence corresponds to the 
complement of the firefly luciferase sequence between positions 50-215 relative to the start 
codon* Guanylyl transferase labelling was performed as previously described (Zamore et aL^ 
2000). For mapping of target RNA cleavage, 100 nM siRNA duplex was incubated witii 5 to 
10 nM taorget RNA in D. melanogaster embryo lysate undCT standard conditions (Zamore et 
aU 2000) for 2 h at 25''C. The reaction was stopped by the addition of 8 volumes of 
proteinase Kbuflbr (200 mM TriS-HCl pH 7-5, 25 mM EDTA, 300 mM NaCl, 2% w/v 
sodium dodecyl sulfate). Proteinase K (E-M, Merck, dissolved in water) was added to a final 
concentration of 0.6 mg/ml. The reactions were then incubated for 15 min at 65*^0, extracted 
witli phenol/chloroform/isoamyl alcohol (25:24:1) and precipitated with 3 volumes of 
ethauol. Samples were located on 6% sequencing gels. Length standards were generated by 
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partial KNase Tl digestion and partial base hydrolysis of the cap labeled sense or antisense 
target RNAs. 

3.2. Results 

5 3.2.1- Variation of the 3' overhang in duplexes of 21w|tt siRNAs 

As described above, 2 or 3 impaired nucleotides at the 3' end of siRNA duplexes were 
more efficient in target RNA degradation than the respective blunt-ended duplexes. To 
perform a more comprehensive analysis of the function of the terminal nucleotides^ we 
synthesized five 21-nt sense siRNAs, each displayed by one nucleotide relative to the target 

10 RNA, and eight 21-nt antisense siRNAs, each displaced by one nucleotide relative to the 
target (FIG. IIA). By combining sense and antisense siRNAs, eight series of siRNA 
duplexes with synthetic overhanging ends were generated covering a range of 7-nt 3* 
overhang to 4-nt 5'overhangv The interference of siKNA duplexes was measured using the 
dual luciferase assay system (Tusohl et aL^ 1999; Zamore et aU 2000), siRNA duplexes 

1 5 were directed against firefly luciferase mKNA, and sea pansy luciferase mKNA was used as 
an internal controL The luminescence ratio of target to control luciferase activity was 
detennined in the presence of siKNA duplex and was normalized to the ratio observed in the 
absence of dsRNA. For comparison, the interference ratios of long dsRNAs (39 to 504 bp) 
are shown in FIG. IIB. The intetference ratios were determined at concentrations of 5 nM 

20 for long dsRNAs (FIG. IIA) aiid at 100 nM for siRNA duplexes (FIG- 1 1 C-J). The 100 nM 
concentrations of siKNTAs was chosen, because complete processing of 5 nM 504 bp dsRNA 
would result in 120 nM total siRlj^A duplexes. 

The ability of 21-nt siRNA duplexes to mediate RNAi is dependCTLt on the number of 
overhanging nucleotides or base pairs formed. Duplexes with four to six 3' overhanging 

25 nucleotides were unable to medisrfie RNAi (FIG* 1 1 C-F), as were duplexes with two or more 
5' overhanging nucleotides (FIG. 1 IG-J). The duplexes with 2-nt 3' overhangs were roost 
efficient in mediating RNA interference, though the efficiency of silencing was also 
sequence-dependent, and up to 12-fold differences were observed for different siRNA 
duplexes with 2-nt 3' overhangs (compare FIG, 1 ID-H), Duplexes with blunted ends, 1-nt 5' 

30 overhang or I- to 3-nt y overhangs were sometimes functional. The small silencing effect 

observed for the siRNA duplex with 7-nt 3' overhang (FIG- 1 1 C) may be due to an antisense 
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effect of the long 3' overhang rather fhsm due to RNAi. Comparison of the efficiency of 
KNfAi between long dsRNAs (Fig. 1 IB) and the most effective 21-nt siRNA duplexes (Fig. 
1 lEp Gp and H) indicates that a single siKNA duplex at 100 nM concentration can be as 
effective as 5 nM 504 bp dsRNA. 

5 

3.2«2. Lengtb variation of the sense siRNA paired to an invariant 21-nt antisense 
siRNA 

In order to investigate the 'effect of length of siRNA on RNAi^ we prepared three 
series of siRNA duplexes, combining tliree 21-nt antisense strands with eight, IS-to 25-nt 

10 sense strands. The 3' overhang of tlie antisense siRNA was fixed to 1 > 2j or 3 nt in each 
siRNA duplex series, while the sense siRNA was varied at its 3' end (FIG, 12A). 
Independent of the length of the sense siRNA, we found that duplexes with 2-nt S'overhang 
of antisense siRNA (FIG. 12C) were more active than those with 1- or 3-nt 3' overfiang (FIG. 
12 B, D). In the first series^ with 1-nt 3' overhang of antisense siRNA, duplexes with a 21- 

15 and 22-nt sense siRNAs, caixying.a 1- and 2-nt 3' overhang of sense siRNA, respectively^ 

were most active. Duplexes with 19- to 25-nt sense siRNAs were also able to naediate RNA^ 
but to a lesser extent. Similarly, in the second series, with 2-nt overhang of antisense siRNA, 
the 21-nt siRNA duplex with 2-nt 3' overhang was most active, and any other combination 
v/iHi the 18- to 25-i;jt sense siRNAk was active to a significant degree. In the last series, with 

20 3-nt antisense siRNA 3' overhang^* only the duplex with a 20-nt sense siRNA and the 2-nt 

sense 3* overhang was able to reduce target RNA expression. Together, these results indicate 
that the length of the siRNA as wejll as the length of the 3* overhang are important, and that 
duplexes of 21-nt siRNAs with 2-nt 3* overhang are optimal for RNAi. 

25 3.23 Length variation of siRNA duplexes with a constant 2-nt 3* overhang 

We next examined the effect of simultaneously changing the length of both siRNA 
strands by maintaining symmetric 2-nt 3' overhangs (PIG.13A)* Two si^es of siRNA 
duplexes were prepared including the 21-nt siRNA duplex of FIG^ 1 IH as reference. The 
length of the duplexes was varied between 20 to 25 bp by ext^ding the base-paired segment 
30 at the 3' end of the sense siRNA (EIG. 13B) or at the 3' end of the antisense siRNA (FIG. 

13C). Duplexes of 20 to 23 bp caused specific repression of target luciferase activity, but the 
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21-nt siRNA duplex was at least 8-fold more efficient than any of the other duplexes, 24-aQd 
25-3it siKNA duplex^ did not result in any detectable interference. Sequence-specific effects 
were minor as variations on both ends of the duplex produced similar effects. 

$ 3.2.4. 2*-Deoxy and 2'^cy-methyl-modtf1ed siRNA duplexes 

To assess the importance of the siKNA ribose residues for RNAi duplexes with 21-nt 
siRNAs and 2-nt 3'overiiangs with 2' deoxy- or 2'-0-methyl"modiSed strands were examined 
(FIG. 14). Substitution of 2-nt 3' overhangs by 2'-deoxy nucleotides had no effect^ and even 
the replacement of two additional'ribonncleotides adjacent to the overhangs in the paired 
10 region produced significantly active siRNAs. Thus, 8 out of 42 nt of an siKNA duplex were 
replaced by DNA residues without loss of activity. Complete substitution of one or both 
siRNA strands by 2'-deoxy residues, however; abolished RNAi, as did substitution by 2'-0- 
methylresidues. 

15 3.2.5. Definition of target RNA cleavage sites 

Target RNA cleavage positions were previously detemiined for 22-nt siRNA 
duplexes and for a 21"nt/22-nt duplex- It was found that the position of the target RNA 
cleavage was located in the center of the region covered by the siRNA duplex, 11 or 12 nt 
downstream of the first nucleotide that was complementary to the 21-or 22-nt siRNA guide 

20 sequence. Five distinct 21-nt siRNA duplexes with 2-nt 3' overhang (FIG, 15 A) were 
incubated with 5* cap-labeled sense or antisense target RNA in i). melanogaster lysate 
(Tuschl et aLy 1999; Zamore et al:, 2000). The 5' cleavage products were resolved on 
sequencing gels (FIG. 15B). The amount of sense target RNA cleaved correlates with tlie 
efficiency of siRNA duplexes determined in the translation-based assay, and siE?NA duplexes 

25 1,2 and 4 (FIG. 15B and 11 GyE) cleave target RNA faster than duplexes 3 and 5 (FIG. 
15B and IIP, D), Notably, the sum of radioactivity of the 5' cleavage product and the input 
target RNA were not constant over time, and the 5' cleavage products did not accximulate. 
Presumably Ihe cleavage products, once released firom the siRNA-endonuclease complex, 
are rapidly degraded due to the lack of either of the poly(A) tail or the 5'-cap. 

30 The cleavage sites jfor both' sense and antisense target RNAs were located in the 

middle of the region spanned by the siRNA duplexes. The cleavage sites for each target 
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produced by "die five differeat duplexes varied by ojxo nucleotide according to the 1-nt 
displacement of the duplexes along the target sequences. The targets were cleaved precisely 
1 1 nt downstream, of the target position complementary to the 3'-most nucleotide of the 
sequence-complementary guide fiiKNTA (FIG. ISA^ B), 

In order to determine, whether the 5' or the 3' end of the goide siRNA sets the ruler 
for target RNA cleavage, we devised the experimental strategy outlined in FIG. 16A and B, 
A 21 -nt antisense siRNA, which yvas kept invariant for this study, was paired with sense 
siKNAs that were modified at either of their 5' or 3' ends. The position of sense and 
antisense target RNA cleavage was determined as described above. Changes in the 3' end of 
the sense siRNA, monitored for l-nt 5' overhang to 6-nt 3' overhang, did neither effect the 
position of sense nor antisense target RNA cleavage (PIG,16C). Changes in the 5' end of the 
sense siRNA did not affect the sense target RNA cleavage (FIG, 16D, top panel)^ which was 
expected because the antisense siRNA was unchanged. Howev^,, the antisense target RNA 
cleavage was affected and strongly dependent on the 5' end of the sense siRNA (FIG. 16D^ 
bottom panel). The antisense target was only cleaved, when the s^se siRNA was 20 or 21 nt 
in size, and the position of cleavage different by 1-nt, suggesting that the 5' end of the target- 
recognizing siRNA sets the ruler for target RNA cleavage. The position is located between 
nucleotide 10 and 11 when counting in upstream direction from the target nucleotide paired 
to the 5'-most nucleotide of the guide siRNA (see also FIG- 15A), 

3.2.6. Sequence effects and 2^-deoxy substitutions in the 3^ overhang 
A 2-'nt 3' overhang is preferred for siRNA function. We wanted to kaow, if the 
sequence of the overhanging nucleotides contributes to target recogoitions, or if it is only a 
feature required for reconstitution,of the endonuclease complex (RISC or siRNP). We 
synthesized sense and antisense siRNAs with AA, CC, GG, XJU^ and UG 3' overhangs and 
included the 2'-deoxy modifications TdG and TT. The wild-type siRNAs contained AA in 
the sense 3' overhang and UG in the antisense 3' overhang (AA/UG), All siRNA duplexes 
were fimctional in the interfereuce assay and reduced target expression at least 5-fold (FIG* 
17). The most efficient siRNA duplexes that reduced target expression more than 10-fold^ 
were of the sequence type NNAJG^;, NNAJU, NN/TdG, and NN/TT (N, any nucleotide). 
siRNA duplexes with an antisense. siRNA 3' overhang of AA, CC or GG were less active by 
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a fector 2 to 4 when comparad to Ihe wild-type sequence UG or the mutant UU. This 
reduction in KNAi efficiency is likely due to tfte contribution of the penultimate 3' 
nucleotide to sequeiice-specific target recognition^ as the 3' tettninal nucleotide was changed 
firom G to U without effect. 

Changes in the sequence of the 3' overhang of the sense siRNA did not reveal any 
sequence*dependent effects, which was expected, because the sense siKNA must not 
contribute to sense target mRNA recognition- 

3,2.7. Sequence specificity of target recognition 

hi order to examine the sequence-specificity of target recogaition> we introduced 
sequence changes into the paired ^segments of siRNA duplexes and determined the efBciency 
of silencing. Sequence changes were introduced by inverting short segments of 3- or 4-nt 
length or as point mutations (FIGr. 1 S). The sequence changes in one siKNA strand were 
compensated in the complemcaitary siRNA strand to avoid perturbing the base-paired siKNA 
duplex structure. The sequence of all 2-nt 3' overhangs was TT (T, 2'deoxythymidine) to 
reduce costs of synthesis. The TT/TT reference siRNA duplex was comparable in RNAi to 
the wild-type siKNTA duplex AA/UG (FIG. 17). The ability to mediate reporter mRNA 
destruction was quantified using the translation-based luminescence assay. Duplexes of 
siKNAs with inverted sequence s'egraents showed dramatically reduced ability for targeting 
the firefly luciferase reporter (FIG, 18), The sequence changes located between the 3' end 
and the middle of the antisense siKNA completely abolished target RNA recognition^ but 
mutations near the 5' end of the antisense siRNA exhibited a small degree of silencing. 
Transversion of the AAJ base pair located directly opposite of the predicted target RNA 
cleavage site, or one nucleotide further away &om the predicted site, prevented target RNA 
cleavage, therefore indicating that a single mutation within the center of an siRNA duplex 
discriminated between mismatched targets. 

3.3. Discussion 

siRNAs are valuable reagents for inactivation of gene expression, not only in insect 
cellsj, but also in mammalian cells, with a great potential for therapeutic application. We have 
systematically analyzed the structural determinants of siRNA duplexes required to promote 
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efficient target KNA degradatioii in A melanogaster embryo lysate, thus providing rules for 
the design of most potent siRNA duplexes. A perfect siORNA duplex is able to silence gene 
expression witih an efficiency coinparable to a 500 bp dsRNA, given that comparable 
quantities of total RNA are used. 

3.4. The SiRNA user guide 

Efficiently silencing siKtsfA duplexes are preferably composed of 21-iit antisense 
siRNAs, and should be selected to form a 1 9 bp double helix with 2-nt 3' overhanging ends. 
2'-deoxy substitutioxus of the 2-nt 3' overhanging ribonucleotides do not affect RNAi, but help 
to reduce the costs of RNA synthesis. More extensive 2 -deoxy or 2'-0-niethylmodijacationS;, 
however, reduce the abiHty of siRNAs to mediate RNAi, probably by interfering with protein 
association for siRNP assembly. 

Target recognition is a highly sequence-specific process^ mediated by the siRNA 
complementary to the target. The 3'-most nucleotide of the guide siRNA does not contribute 
to specificity of target recognitidn, while the penultimate nucleotide of the 3' overhang 
affects target RNA cleavage, and a mismatch reduces RNAi 2- to 4-fold The 5' end of a 
guide siRNA also appears more permissive for mismatched target RNA recognition when 
compared to the 3' end. Nucleotides in the center of the siRNA, located opposite the target 
RNA cleavage site, are important specificity detemiinants and even single nucleotide 
changes reduce RNAi to an undetectable leveL This suggests that siRNA duplexes may be 
able to discriminate mutant or polymorphic alleles in gene targeting experiments, wMch may 
become an important feature for future therapeutic developments. 

Sense and antiseuse siRlSJAs, when associated with the prot^ compon^its of the 
endonuclease complex or its commitment complex, were suggested to play distinct loles; the 
relative orientation of tibe siRNA duplex in this complex defines which strand can be xised for 
target recognition- Synthetic siRNA duplexes have dyad symmetry with respect to ^e 
double-helical structure, but not with respect to sequence. The association of siRNA 
duplexes with the RNAi proteins in theD. melanogaster lysate will lead to fomiation of two 
asymmetric complexes. In such hypothetical complexes^ the chiral environment is distinct 
for sense and antisense siRNA, hence their fimction. The prediction obviously does not 
apply to palindromic siRNA sequences, or to RNAi proteins that could associate as 
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homodimers. To mimmize sequence effect^ which may affect the ratio of sense and 
antisense-targeting siKNPs, we suggest to use siRNA sequences with identical 3' 
overhanging sequences. We recommend adjusting the sequence of the overhang of the sense 
siRNA to that of the antisense 3'ioverhang> because the sense siRNA does not have a target 
5 in typical knockdown experimente. Asynmietxy in reconstitution of sense and antisense- 
clea\dng siRNPs could be (partially) responsible for the variation in RNAi efficiency 
observed for various 21-nt siRNA duplexes with 2-nt3' overhangs used in this study (FIG. 
14). Alternatively^ the nucleotide sequence at the target site and/or the accessibility of the 
target RNA structure may be responsible for the variation in efficiency for these siRNA 
10 duplexes- 

A number of embodiments of the invention have been described. Nevertheless, it will 
be understood that various modifications may be made without departing from the spirit and 
scope of the invention. Accordingly, other embodiments are within the scope of the 
following claims. 

15 
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WHAT IS CLAIMED IS; 

1 . A method of treating a subject comprising: 

(a) identifying a subject having, or at risk for havings unwanted cell 

proliferation; 

(b) providing an siRNA tiiat is homologous to a gene that can promote cell 
proliferation; and " 

(c) admiiusteriiigithe siKNA to the subject^ 
thereby treating the subject. 

2. The method of claim 1, wherein the subject has a malignant or nonmalignant cell 
proliferation. 

3. The method of claim wherein the gene encodes one of the group consisting of a 
growth factor, growth factor receiptor^ kinase,, adaptor protein, and transcription fector. 

4. The method of claim 1;^ wherein the gene i$ one of the group consisting of RAS, 
INK, c-MYC, cyclin and beta-catenin» 

5- The method of claim 1^ whejein the subject has, or is at risk for having, one of the 
group consisting lung cancer^ brdast cancer, colon cancer, or liver cancer. 

6. A method of treating a subject comprising: 

(a) identifying a subject having, or at risk for having, a disorder associated 
with a viral infection; 

(b) providing an siKNA that is homologous to a gene that can mediate vhral 

function; and 

(c) administering'the siRNA to the subject, 
thereby treating the subject. 
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7. The method of claim 6^ wherein the gene is a viral gene or an ejidogenoiis gene of 
the subject 

8. The method of claim 6^ wherein the subject has, or is at risk for having, Acquired 
5 hnmntie Deficiency Syndrome (AIDSX asthma, or Hodgjdn's disease. 

9. The method of claim 6, wherein the subject is infected by, or is at risk for being 
infected by a virus in the group consisting of Himian Immunodeficiency Virus (HIV)^ a 
hepatitis virus, respiratory syncy^al virus (RSV);^ or Epstein Barr Vims (EBV), 

10 

10. The method of claim '9^ wherein the hepatitis vims is hepatitis A, B, or C. 

1 1 . The method of claun '9, wherein the gene is Gag or Rev gene of HIV. 

15 12. A method oftreating 'a subject comprising; 

(a) identifying a subject having, or at risk for having^ a disorder characteristic 
of an uawanted immune respons^; 

(b) providing an siKNA that is homologous to a gene that can affect the 
unwanted immune response; and 

20 (c) axiministering the siRNA to the subject^ 

thereby treating the subject. 

13. The method of claim ,12, wherein the unwanted immxme response is caused by an 
autoimmune disease or disorder. 

25 

14. The method of claim 12> wherein the gene is endogenous to the subject 

15. The method of claim 12, wh^in the subject has, or is at risk for having, 
inflammatoiy bowel disease, asthina, multiple sclerosis, or a reperfusion injury, 

30 
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16. The method of daim 15, wherein the reperfiision injuty is associated with acute 
myocardial infarction^ unstable angina, cardiopulmonary bypass, or angioplasty 



17. The method of claim 12, wherein the gene encodes a complement factor, 

18. The method of claim 12,^ wherein the gene encodes a protein selected from the 
gix^up consisting of VLA4, VCAM, ICAM, E-selectin (ELAM), C5 complement, TNFo; 
TNFA IL-2, IL-2R, IL^, IL-4R,.IL-5, CCR3, Grol, Gro2, and C3ro3. 

19. A method of treating .a subject comprising: 

(a) identifying a subject having, or at risk for having, a disorder characterized 
by acute or chronic pain; 

(b) providing an siRNA that is homologous to a gene that can affect the 
processing of pain; and 

(c) administering the siRNA to the subject, 
thereby treating the subject 

20. The method of claim ^9p wherein the gene encodes a component of an ion 
channel, a neurotransmitter reccptor^^ or a ligand of a neurotransmitter receptor. 

21. A method of treating a subject comprising: 

(a) identifying a subject having, or at risk for having, a neurological disease 

or disorder; 

(b) providing an siRNA that is homologous to a gene that can affect the 
neurological disease or disorder; and 

(c) administering the siRNA to the subject, 
thereby treating the subject, 

22. The method of claim 21, wherein the subject has, or is at risk for having, 
Alzheimer's disease, Parkinson's disease, or a trinucleotide repeat disorder. 
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23. The method of claim^22, wherein the trinucleotide repeat disorder is 
Hxmtington's disease. 

24. The method of claim^l, wherein the geixe encodes a protein selected from the 
group consisting of APP, PSENl, PSEN2, and a-synuclein. 

25. A method of treating a subject having, or at risk for havingj, a loss of 
heterozygosity (LOH), the method comprising: 

(a) identifying a subject having, or at risk for having^ LOH; 

(b) determining the genotype of an allele of a gene in a region of LOH in au 

LOH cell; 

(c) detenniiiing the genotype of both alleles of the gene in a normal cell; 

(d) providing an siRNA that is homologous to an allele of the gene in the 
LOH cell, but not homologous to lan allele of the gene in a normal cell; and 

(c) administering the siRNA to the subject, 
thereby treating the subject 

26. The method of claim 25, wherein the subject has, or is at risk for having, a 

cancer. 

27* The method of claim 25^ wherein the siRNA is homologous to an allele having a 
single nucleotide polymoipliism (SNP). 

28. The method of claim 25, wherein the LOH cell is a tumor cell. 

29. The method of claim 25, wherein the siRNA is homologous to an allele of the 
large snbunit of human RNA polymerase 11 (POLR2A), the replication protein A 70-kD 
subudt, replication protein A 32-kD subunit, ribonucleotide reductase, thymidilate synthase, 
TATA associated factor 2H, ribosomal protein S14, eukaryotic initiation factor 5A, alanyl 
fKNA synthetase, cysteinyl tIiNA;synthetase, NaK ATPase, alpha- 1 subumt, or transferrin 
receptor. 
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30. Use of double-stranded RNA molecules, wherein each RNA strand has 
a length of 19-25 nucleotides for the nnanufacture of an agent for 
mediating target-specific nucleic acid modifications in mammalian cells 
or organisms- 

31. The use of claim 30, wherein at least one strand has a 3'-overhang 
from 1-5 nucleotides. 

32. The use of claims 30 or 31, wherein the target-specific nucleic acid 
modification is RNA interference. 

33. The use of any one of claims 30-32 for silencing at least one gene 
which promotes unwanted cell proliferation. 

34. The use of claim 33 wherein the gene is selected from the group 
consisting of growth factor genes, growth factor receptor genes, 
adaptor protein genes, genes encoding a G protein superfamily 
molecule and genes encoding a transcription factor. 

35. The use of any one of claims 30-32 for silencing at least one gene 
which mediates angiogenesis. 

36. The use of any one of claims 30-32 for silencing at least one viral gene 
or cellular gene which mediates viral function. 

37. The use of any one of claims 30-32 for silencing at least one gene 
from a bacterial, amoebic, parasitic or fungal pathogen. 

38- The use of any one of claims 30-32 for silencing at least one gene 
which mediates an unwanted immune response. 
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-71- 

39. The use of any one of claims 30-32 for silencing at least one gene 
which mediates the processing of pain. 

40. The use of any one of claims 30-32 for silencing at least one gene 
which mediates a neurological disease or disorder. 

41 . The use of any one of claims 30-40 for the allele-specific silencing of 
at least one gene. 

42- The use of any one of claims 30-41 wherein the agent comprises the 
double-stranded RNA molecule as an active ingredient. 

43. The use of any one of claims 30-41 wherein the agent comprises 
vectors capable of expressing the double-stranded RNA moelcule as an 
active ingredient. 
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FIGURE 3B 
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3 ' CGUGUAUAGCUCCACUUGUAGUGCAUGCQCCUUAUGZ^G 
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UGGCAGAGCUAUGAAACGAUAUOS&UGAAUi^^^ 
AC^C^GJJCUUCGAUJ^Cj:^:^^ 
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4nt 

5 nt 

6nt 

7nt 

: -4nt 
-3nt 
-2nt 
-1 nt 
Ont 



5nM 



bu 504 111 52 39 
base pairs 



5' AUCACGOACGCGGAADACUnC 
UDGaAGUGCAUGCGCCUtrAUa 5' 



5' UCACOtfACGCGGAADACDUCO 
nnGDAGUGCAHQCGCCDDAUa 5* 



S' CACQnACGCGOAAUACOnCGA 
traGQAOaGCAUGCGCCnnAUG 5' 



5' ACGUACGCSGAAUACTJOCQAA 
DTJGDAGOGCAUGGGCCUUAUG 5* 



5' CGUACSCGOAAUACUUCGAAA 
UUQDAGOGCAUGCGCCDUAUQ 5' 



1.2 
1 

0.8 
0.6 
0.4 
0.2 
0 



100 nM 



3 4 5 6 7 
3' overhang (nt) 



5' AaCACGUACGCG GAAU ACODC 
noaAGUGCAUGCGCanXAUQA 5* 



5' PCACGOACGCG GAAn ACUOCG 
DGDAGUGCADGCGCCDUAU6A 5' 



S * CACGUACGCGGAAUACUUCGA 
UGUAQUaCAUGCGCCtJUAUGA 5* 



5' ACGUACGCGGAAUACUDCGAA 
UGDAaUGCAUaCGCCUUAUQA 5' 



5' CGnACGCGGAAUACOUCGAAA 
UGUAGUGCAUGCGCCOnAUQA 5' 



1.2 

1 

0.8 
0,6 
0.4 

0.2 
0 



2 3 4 5 6 



5' AUCACGUACGCQQAAUACDUC 
GUAGOGCAUQCGCCUDAUGAA 5' 



5' UCACGUACGCGGAAUACUUCG 
GOAGUGCAUGCGCCU0AUaAA 5' 



5' CACGUACGCGGftAUACDDCGA 
GnAGDGCA'QGCaCCaUAUG&A 5' 



S' ACGUACGC6GAAUAC0DCGAA 
6DA6DGCA0GCGCCDUAUGAA 5' 



5' COUACGCGGAAUACUnCGAAA 
QUAGDGCAUGCGCCDUAUGAA S' 



5' aucacguacocggaauacduc 
itagdgcaugcgccuuadgaag 5' 



5' UCACGUACGCGGAADACDUCG 
13AGDGCA0GCOCCT3UAUGAAG 5' 



5' CACGUACGCGGAAUACUUCGA 
UAGUGCAUGCGCCDUAUGAA6 5' 



5' ACGUACGCGGAAUACUDCGAA 
UAGUGCAUGCGCCU0AUGAAG 5' 



5 ' CGUACGCGGAAUACUUCGAAA 
UAGUGCAUGCGCCUUAUGAAG S' 



5' AUCACGUACGCGGAAUACUUC 



5' UCACGUACGCGGAAUACUUCQ 
AGUGCAUGCGCCUnAUGAAGC 5' 



5' CACGUACGCGGAAUACUUCGA 
AGUGCAUGCOCCOUAUGAAGC S' 



5' ACQUACGCGGAAUACUUCGAA 
AGUGCAUGCGCCUUAUGAAGC 5» 



5* CGUACGCGGAAUACUUCGAAA 
AOaGCAUGCGCCDCIKnaAASC 5' 



1.2 
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0.8 
0.6 
0.4 
0.2 
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1 2 3 4 5 
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0 12 3 4 



1.2 
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0.8 
0.6 
0.4 
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-10 12 3 



H 



S* AUCACGUACGCaGUUkDACDnC 

GDGCAUGCGCCUaAUGMlGCD 5' 



5' UCACGOACOCGGAAUACnUOG 

GDGCAUGCGCCUUADGAAGCU 5' 



5' CACSnACGCGGAAUACUUCGA 

anacAUGCGCCDUAnaKAGcu S' 



5' ACSnACGCGQAADACODCGAA 
GtJGCAUGCGCCDOAUGAAGCCr 5' 



5' CGDAOGCOSAADACDnCOAAA 
GUGCAUGCGCCDHAUGAAGCD 5' 



UGCAUGCGCCnDAUGAAGCDU 5* 



5' UCACGDACGCeGAAUACDUCG 

UGCAUGCGCCDUAUGAAGCUa 5' 



UGCAUGCGCCDUAUGAAOCUU 5' 



S* ACGaACGCGSAAnACOUCGAA 
TJQCAUGCGCCUaAUGAAGCDU 5' 



5' CGDACGCGGAAUACDnCGAAA 

uacAUGceccDaAUGAAOcua s' 



S* AUCACGOACGCGGAAUaCODC 

GCAXTGCGCCUDADOAAOCDUIT S' 



5' UCACGUACGCGGAAUACUUCG 

QCAUGCGCCUUADGAAGCUUD S' 



5' CACgPACGCGGaATIACOUC GA 

GCADGCSCCaUAUGAAGCUUU 5' 



5' ACGHACGCGGAAUACUUCGAA 

QCAUGCGCCDUADGAAGCUUU S* 



5' CGUACGCGGAAUACUUCGAAA 
GCAU6CGCCU UAUGAAGCUUU 5' 
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sense siRNA (18-25 nt) 
antisense siRNA (21 nt) 



-2 to 7 nt 
3' overhang 



IIIIIIIIIIIIIIIUI 



III 



1 to 3 nt 
3' overhang 



iSI Sill 



B 



5' CGUACGCGGAAUACUUCG 

UGCAUGCGCCtJUAUGAAGCUU 5' 

5' CGUACGCGGAAUACtrUCGA 

TJGCAUGCGCCDUAnGAAGCXKJ 5' 

5' CGUACGCGGAAUACUUCGAA 
UGCAUGCGCCTJUAUGAAGCUU 5' 

5' CGUACGCGGAAUACDUCGAAA 
UGCAUGCGCCUUAUGAAGCUU 5' 

5' CGUACGCGGAAUACOUCGAAAU 
UGCAUGCGCCUUAUGAAGCUU 5' 

5' CGUACGCGGAAUACUUCGAAAUG 
UGCAUGCGCCUUAUGAAGCUU 5' 

5' CGUAC6CGGAAUACUUC6AAAUGU 
UGCAUGCGCCUUAUGAAGCUU 5' 

5' CGUACGCGGAAUACUUCGAAAU6UC 
UGCAUGCGCCUUAUGAAGCUU 5' 
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I 0.8 
Z. 0.6 
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1-ntas 3* overhang 
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18 
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20 
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21 



2 
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3 
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4 5 
24 26 



5' C6UACGCGGAAUACUUC6 
GUGCAUGCGCCUUAUGAAGCU 5' 

5 ' CGUACGCGGAAUACUUCG& 
GUGCAUGCGCCUUAUGAAGCU 5' 

5 ' CGUACGCGGAAUACUUCGAA 
GUGCAUGCGCCUUAUGAAGCU 5' 

5' CGUACGCGGAAUACUUCGAAA 
GUGCAUGCGCCUUAUGAAGCU 5' 

5 ' CGUACGCGGAAUACUUCGAAAU 
GUGCAUGCGCCUUAUGAAGCU 5' 

5' CGUACGCGGAAUACUUCGAAAUG 
GUGCAUGCGCCUUAUGAAGCU 5' 

5' CGUACGCGGAAUACUUCGAAAUGU 
GUGCAUGCGCCXJUAUGAAGCU 5' 

5' CGUACGCGGAAUAODUC6AAAUGUC 
GUGCAUGCGCCUUAUGAAGCU 5' 



1.2 
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0.6 
0.4 
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2-nt as 3* overhang 
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5 ' CGUACGCGGAAUACUUCG 
AGUGCAUGC6CCUUAUGAA6C 5' 

S' C6UAC6C6GAAUACUUCGA 
AGUGCAUGCGCCUUAU6AAGC S' 

5' CGUACGCGGAAUACUUCGaA 
AGUGCAUGCGCCUUAUGAAGC 5' 

5 ' CGUACGCGG2LRTTACUUCGA2Ui 
AGUGCAUGCGCCUUAUGAAGC 5' 

5 ' CGUACGCGGAAUACUUCGAAAU 
AGUGCAUGCGCCUUAUGAAGC 5' 

5' CGUACGCGGAAUACUUCGAAAUG 
AGUGCAUGCGCCUUAUGAAGC 5' 

5' CGUACGCGGAAUACUUCGAAAUGU 
AGUGCAUGCGCCUUAUGAAGC 5' 

5' CGUACGCGGAAUACUUCGAAAUGUC 
AGUGCAUGCGCCUUAUGAAGC 5' 
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0.6 
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3-nt as 3' overhang 
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insert base pairs (B) 
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s (20-25 nt) 
as (20-25 nt) 
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A 

insert base pairs (C) 



B 



5' CGUACGCGGAAUACtraCGAA 
GUGCai.UeCGCCUUAUGAAGC 5' 



5' C60ACGC6GAAUACUTrCGAAA, 
OTrOCAUGCGCCnnAnGAAGCV 5' 



5' CGnACGCGGAAUACnUCGAAAU 
GUOCAUGCGCCOtTAUGAAGCUU 5' 



5' CGUACGCGGAAUACDUC GAAAU Q 
GUGCAUGCQCCDUAUGAAGCOUTJ S' 



5' GOACGCGGAATyACnJUCGAAA 
tJGCAUGCGCCUUAUGAAGCa 5' 



5' CGUACGCGGAAUACU0CGAAA 
GITGCAITGGGCCUUAUGAAGCn 5' 



5' ACGUACGCGGAAUACUnCGAAA 
AGaGCAUGCGCCUUAUGAAGCU 5' 



5' CACGUACGCGGAAtTACUUCGAAA 
tTAGUGCAUGCGCCOUAUGAAGCa 5' 



5 ' CGUACGCGGAAUACOUCGAAAUGU 
GUGCAUGCGCCUUAUGAAGCUUUA 5' 



5' CGDACGCGGAAUACUnCGAAAUGaC 
GUGCAUGCGCCUUAUGAAGCUtniAC 5' 



1.2 r 

I 0.8 

^ 0.6 

CL 

^ 0.4 
° 0.2 
0 



20 21 22 23 24 25 
length of siRNAs 
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length of siRNAs 
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S 

as 



5 ' CGUACGCGGAAUACUUCGAZU^ 
GUGCAUGCGCCUUAUGAAGCU 5' 



1.2 r 



o 

li 
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OH/ 
OH 



2-ntd/4-ntd/ 
2-ntd 4-ntd 
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OH 



OH/ 
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Me antisense 
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19/23 
sense target 



t 



V 

5' CGUACGCGGAAtJACXroCGAAA 
GUGCAUGCGCCmJAUGAAGCU 5' 
V ^ 

ACGUACGCGGAAUACmJCGAA 
AGUGCAUGCGCCUUAUGAAGC 

V ^ 

CACGUACGCGGAAUACUUCGA 
OAGUGCAUGCGCCDUAUGAAG 
V ^ 

UCACGUACGCGGAAUACUUC6 
GUAGtTGCAUGCGGCUUAUGAA 

V ^ 

AUCACGUACGCGGAAUACUaC 
UGUAGUGCAUGCGCCXJIJAUGA 
A 



■GpppG7>m 



antisense target 



B 

sense target 



1 2 3 4 5 
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B 



-1 to 6 nt 
3' overhang 



ililllllllllllllllli*''''' 



as 



2 nt 

3' overhang 



2 nt 

3' overhang 



iiiisllllilillllllili" 



0 to 5 nt 
3' overhang 



D 



S' CGUACGCGGAAtTACmXCG 
GUGCU^UGCGCCmJAUQAAGClT 5' 
A 

5 ' CGUACGCG(SLa.UACUTJCGA 
GUGCAUGCGCCXnjAUGAAGCT 5' 



5 ' CGUACGCGGAAUACUUCGAA 
G0GC».U6CGCCmjAUGAAGCU 5' 
A 

5' CGUACGCG^AUACDUCGAAA 
GDGCATTGCGCCmjAUGliAGCTT 5' 
A 

5 ' CGaACGCG^AUACUnCGAAATT 
GUGCAUGCGCCmTATTGAAGCOr 5' 
/ 

5 ' CGUACGCGGAAUACUUCGAAAUG 
GUGCAUGCGCCmJAUGAAGCTJ 5' 
A 

5' CGUACGCG^SlAUACUUCGAAATJGU 
QUGCAUGCGCCTipAUGAAGCIT 5' 



5' CGUACQCGGAAUACUUCGAAAUGUC 
6UGCAU6CGCCTJCJATJGAAGCT 5' 



S' ACGCG(Su^UACm7CGAAA 
G0GCAUGCGCCUUA'aGAAGC0 5 ' 

5' UACGCGcSu^UACniTCGAIVA 
GXTGCAUGCGCCUXJAUGAAGCU 5' 

5' GUACGCGcSu^UACUUCGAAA 
GUGCAirGCGCCTJTTAUGAAGCU 5' 
A 

5' CGUACGCGC^iAUACinJCGAAA 
GUGCAUGCGCC^AUG2VAGC0 5' 

5 ' ACGnACGCG^AUACtnJCGAAA 
GUGCAUGCGCCtnJAUGAAGCU 5' 

5 ' CACGXJACGCGcSiAUACUUCGAAA 
GUGCAUGCGCCU0AUG3iAGGU 5' 



18 19 20 21 22 23 24 25 



^igN -^ni^ nmm^ lii^ 
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s/as overhanging nucleotides 
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5' CGUACGCGGAAUACUUCGATT 
TTGCAUGCGCCUUAXJGAAGCU 5' 

5' pS^CGCGGAAUACUUCGATT 
Tlg^^GCGCCtnJAUGAAGOT 5' 

5' CGtriV@OiqGAAUACmTCGATT 
TTGCAtr^^aCUUAUGAAGOT 5' 

5 ' cguacgcgagSaacuucgatt 

TTGCAUGCGC0CAljuGAAGCU 5' 

5 ' CGUACGCGGAAUiBillCGATT 
TTGCAUGCGCCUUi^^GCU 5' 

5 ' CGUACGCGGAAUACUXJ^^TT 
TTGCAUGCGCCUXJAUGAAHql 5' 

5' CGUACGCGGiiAUACUUCGATT 

ttgcaugcgccyuaugaagcu 5' 

5' cguacgcggaIuacuucgatt 
ttgcaugcgccuJaxjgaagcu 5' 



1.4 r 




ref 1 2 3 4 5 6 7 



ref 
1 
2 

3 
4 

5 
6 
7 
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S' CGUACGCGGAAUACtJUCGAA 
GUGCAUGCGCCUUAUGAAGC 5' 

5' CGUACGCGGAAUACUUCGAAA 
GUGCAUGCGCCTJUAUGAAGCU 5' 

5' CGUACGCGGAAUACXJUCGATT 
TTGCAUGCGCCXTCJAUGAAGCU 5' 

5 ' CGUACGCGGAAUACUUCGAAA0 
GUGCAUGCGCCUUAUGAAGCUU 5' 

5' CGUACGCGGAAUACUUCGAAAUG 
GUGCAUGCGCCTUAXTGAAGCUUU 5' 

5' CGXTAC6CGGAAUACUUCG2%lAAUGXJ 
GUGCAUGCGCCUtJAXJGAAGCUtJUA 5' 

5 ' CGUACGCGGAAUACtrCJCGAAAUGUC 
GUGCAUGCGCCUUAUGAAGCXJUUAC 5' 



B 



5' GUACGCGGAAUACUUCGAAA 
UGCAUGCGCCXJUAUGAAGCU 5' 

5 ' CGUACGCGGAAUACUUCGAAA 
GUGCAUGCGCCTJUAUGAAGCU 5' 

5 ' ACGUACGCGGAAUACUUCGAAA 
AGUGCAUGCGCCUUAUGAAGCU 5' 

5' CACGUACGCGGAAUACUUCGAAA 
UAGUGCAUGCGCCUUAUGAAGCU 5' 



o 1.2 

Z3 

Z 1 
q: 

■Q 0.8 
"5.0.6 

S 0.2 
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in vivo 
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Claims Nos.: 30, 31, 33-43 (partially) 



Present claims 30, 31 and 33-43 relate to an agent defined by reference 
to a desirable characteristic or property, namely the ability to mediate 
target-specific nucleic acid modifications in mammalian cells or' 
organisms. 

However the application provides support within the meaning of Article 6 
PCT and/or disclosure within the meaning of Article 5 PCT only for agents 
able to mediate RNA interference: data are provided neither for DNA 
methyl at ion nor for any other 'target specific nucleic acid 
modifications'. Hence, in the present case, the claims, so lack support, 
and the application so lacks disclosure, that a meaningful search over 
the whole of the claimed scope is impossible. 

Independent of the above reasoning, the claims also lack clarity (Article 
6 PCT). An attempt is made to define the agent by reference to a result 
to be achieved. Again, this lack of clarity in the present case is such • 
as to render a meaningful search over the whole of the claimed scope 
impossible. Consequently, the search has been carried out for those parts 
of the claims which appear to be clear, supported and disclosed, namely 
those parts relating to an agent for mediating RNA interference in 
mammalian cells or organisms. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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